
Some of the items in the ground water inventory are directly 
measurable, some must be calcaulated, and some were measured for 
only a part of the study period and calculated for the remainder 
thereof. Of items that were calculated, most were on a water 
year basis (October 1 through September 30). The principal ex- 
ception is ground water pumpage, which was calculated on a calendar 
year basis, Because each calendar year and water year contain 
the same summer period, and this period is when the variation 
in pumpage will occur, use of differing type of years has a 
minor effect. 

The result of the ground water inventory is a theoretical change 
in the amount of water in storage. The accuracy of the analysis 
can be gaged by how close the calculated change in storage based 
on historic water levels compares with the net difference between 
recharge to and withdrawals from the ground water system. 

The inventory is done on two bases: the first treats for the 
basin as a whole; and second subdivides the ground water area 
into many small units and uses. These units in a mathematical 
model were prepared to simulate the hydrologic system of the 
study area and to provide a means for testing the reaction of 
the ground water system to alternative plans. The model was pro- 
grammed on computers to permit economic solution of repetitious 
computations. 

Ground Water Model 

The ground water area shown on Figure 1 has been approximated 
by the mathematical model shown in Figure 7. In the model configu- 
ration, the orientation of the individual nodal areas is based 
on detailed geologic and hydrologic interpretations. The northern 
end of the study area is an area of overlap of deposition from 
Alameda Creek and the various Santa Clara County streams. This 
condition of overlap has been simulated by using Nodes 8, 38, 
39, 94, and 99 of the Santa Clara model in the mathematical model 
of the adjacent Fremont ground water area. This latter model 
is discussed in detail in Bulletin 118-1: "Evaluation of Ground 
Water Resources: South San Francisco Bay: Volume II: Additional 
Fremont Area Study". 

Confinement in the lower portion of the present study area has 
been simulated by using three layers, two aquifers separated 
by a confining bed. The areas of lower confinement are shown 
on Figure 7 by double node numbers; the lower aquifer portions 
of the nodes are numbered 100 through 116. 

The amounts of recharge, withdrawal, and change in storage have 
been determined for each nodal area in the model. In this bulletin, 
many of the results have been summarized and reported only for 
the total ground water area, but detailed nodal information is 
available in the department files. 
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In northern Santa Clara County, the ground water system consists 
of many related tabular aquifers, Water wells in the study area 
usually have been constructed to tap most of the aquifers pene- 
trated. This makes it nearly impossible to determine the amounts 
of water extracted from particular aquifers and hence makes it 
necessary to evaluate the series of aquifers as if it were only 
a single aquifer. The only exception to this is in the area 
adjacent to the Bay, where the existence of a thick, extensive 
clay layer permits the series of aquifers to be divided into 
two distinct zones. 

Analysis of water levels for individual wells in the study area 
indicates that composite water levels for different combinations 
of aquifers tend to be nearly parallel to each other. This permits 
the use of most of the available water level data to determine 
annual changes in water levels for the total aquifer system. 
It does not, however, permit the identification of those water 
levels which represent the potentiometric surface of the free 
(unconfined) ground water. Measurements representing this free 
ground water surface are not available for the study period in 
most of the ground water area. Because complete validation of 
the mathematical model is dependent on matching model-developed 
water levels against historic free ground water levels, the 
validity of the present model could not be established at the 
level of reliability desired for detailed evaluation of alter- 
native plans. 

The inability to obtain complete validation of the model is i 
not a serious problem because the validity of the hydrology has 
been established by the verification of the hydrologic balance 
for the entire basin. The model can be used as a general planning 
tool but should be used with care in the evaluation of alterna- 
tive plans. The historic ground water measurements and proposed 
changes in the monitoring network are discussed in Chapter V. 

Study Period 

In selection of a segment of time to use as a study period, it 
is desirable to specify certain criteria, The hydrologic condi- 
tions during the study period should represent the long-time 
hydrologic conditions. Furthermore, the selected time segment 
should begin at the end of a dry period and should end at the 
conclusion of another dry period in order to minimize any differ- 
ence between the amount of water in transit prior to both the 
beginning and the end of the study period. The change in water 
levels from the beginning to the end of the study period should. 
also be minimal in order to avoid the effects of perched water 
and water in transit. Finally, the time segment should be within 
the period of available records and should include recent changes 
in land utilization to aid in the determination of the effect 
of these changes on the recharge of ground water. 
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This report uses an eight-year study period, 1962-63 through 
1969-70. The year 1962-63 was selected as the initial year 
because it is preceded by a year of subnormal precipitation, 
represents conditions prior to importation of additional water 
supplies, and is the start of a period of generally above-average 
rainfall. This latter condition permitted easier conversion 
of results to normal or average rainfall conditions. The chosen 
study period is not entirely ideal, however, because the initial 
year is preceded by several consecutive dry years, while the 
ending year is preceded by only one such year. In addition, a 
large recovery of water levels has taken place during the study 
period. It should be noted that the artificial recharge of 
ground water is the major source of ground water replenishment, 
making variations of precipitation less important. The relation- 
ship of precipitation during the long-term and the study period 
is shown on Figure 8. 

Precipitation 

The yearly amounts of rainfall at San Jose and their variations 
from the average are shown in Table 4. Variations in average 
precipitation over the study area are shown on Figure 9. 

Tributarv Runoff 

Only a small portion of the drainage area tributary to Santa Clara 
Valley is gaged. Runoff from the remaining area was determined 
by developing runoff-precipitation relationships for the gaged 
areas and applying the relationships to the ungaged areas. 
Table 5 lists the tributary watersheds and the annual amounts 
of estimated runoff, The locations of tributary drainage areas 
are shown on Figure 10. 

Estimates of tributary stream runoff from the west and the east 
hilly areas (most of which are ungaged) into the valley floor 
were made on the rainfall -- runoff correlations at representative 
(usually nearby) gaged basins. For developing correlation curves, 
seasonal stream runoff (in inches) was plotted against the seasonal 
basin precipitation (in inches). A straight line correlation 
of the data points fitted very well within the range of the data 
studied. The straight line has an intercept (b) on the abscissa, 
which is the amount of precipitation that would be consumed prior 
to the initiation of runoff. 

Seasonal runoff from an ungaged area can be computed from the 
following formula when runoff data from a nearby gaged area 
and precipitation data for the two areas are available: 
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RU 
= Rg (Pu-b)/(Pg-b), 

where 
RU 

= Seasonal runoff from 

R = Seasonal runoff from g in inches, 

ungaged area, in inches, 

representative gaged area, 

pU 
= Seasonal precipitation on the ungaged area, 

in inches, 

P 
Q = Seasonal precipitation on the representative 

gaged area, in inches, and 

b = Precipitation, in inches, that would be consumed 
prior to initiation of runoff. 

Similarly, the annual basin precipitation can be estimated by 
the following formula if mean seasonal precipitation data are 
available: 

'a = (Pi*Pa')/(Pa'*Pi')' 

where 'a = Annual basin precipitation, in inches, 

P '= Mean seasonal basin precipitation, in inches, a estimated from isohyetal map, 

'i = Seasonal precipitation at nearby index station, ' 
in inches, and 

Pi'= Mean seasonal precipitation at nearby index 
station, in inches. 

Imported Water 

The need for additional water on a large scale from distant sources 
was first envisioned by the City of San Francisco. In 1934, the 
Hetch Hetchy Project was completed and began delivering water 
to the Bay Area. This water, however, was not available to Santa 
Clara County users until 1952 when an 80 MGD (302,000 m3/d) pipe- 
line extension was completed across the north valley. A second 
parallel pipeline was finished in 1974. The Hetch Hetchy system 
now supplies water to the Cities of Palo Alto, San Jose, Sunnyvale, 
Mountain View, Milpitas, and Santa Clara, as well as Purissima Hills 
County Water District, Stanford University, Moffett Field and NASA, 
and Agnews State Hospital. The water is entirely for municipal 
and industrial use. Hetch Hetchy imports to these cities increased 
steadily to nearly 50,000 acre-feet (62 hm3) in 1973, which was 
20 percent of the total annual demand of northern Santa Clara 
County. The annual amounts of imports.from the Hetch Hetchy system 
are shown in Table 6. 
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TABLE 4 

ANNUAL PRECIPITATION AND INDEX OF WETNESS 
AT SAN JOSE 

1874-1971 

Water -m g.%sif Water 
Year 

Year * y%s;f - 

1874-75 7.80 19.81 55.2 

1875-76 19.59 49.76 138.6 1925-26 14.44 36.68 102.2 
76-77 4.72 11.98 33.4 26-27 13.90 35.31 98.4 
77-78 19.76 50.19 139.8 27-28 10.09 25.63 71.4 
78-79 15.92 40.44 112.7 28-29 10.14 25.76 71.8 
79-80 13.80 35.05 97.7 29-30 10.89 27.66 77.1 

1880-81 12.47 31.67 88.3 1930-31 8.30 21.08 58.7 
81-82 11.77 29.89 82.3 31-32 13.40 34.04 94.8 
82-83 11.44 29.06 81.0 32-33 8.90 22.61 63.0 
83-84 20.07 50.98 142.0 33-34 8.97 22.78 63.5 
84-85 11.19 28.42 79.2 34-35 16.49 41.88 116.7 

1885-86 20.66 52.48 
86-87 11.96 30.38 
87-88 12.14 3U. 84 
88-89 15.11 38.38 
89-90 30.35 77.09 

1890-91 13.20 33.53 
91-92 16.14 40.99 
92-93 25.17 63.93 
93-94 14.00 35.56 
94-95 22.29 56.62 

1895-96 14.71 37.36 
96-97 15.70 39.88 
97-98 7.79 19.79 
98-99 8.79 22.33 
99-00 14.06 35.71 

146.2 1935-36 11.90 30.23 84.2 
84.6 36-37 16.90 42.43 119.6 
85.9 37-38 18.75 47.63 132.7 

106.9 38-39 10.77 27.36 76.2 
214.8 39-40 16.35 41.53 115.7 

93.4 1940-41 21.25 53,98 
114.2 41-42 16.56 42.06 
178.1 42-43 13.13 33.35 

99.1 43-44 11.47 29.13 
157.7 44-45 12.44 31.60 

104.1 1945-46 11.26 28.60 
111.1 46-47 9.00 22.86 

55.1 47-48 9.89 25.12 
62.2 48-49 11.59 29.44 
99.5 49-50 8.31 21.11 

150.4 
117.2 

92.9 
81.2 
88.0 

,' 
79.7 i 
63.7 
70.0 
82.0 
58.8 

1900-01 20.13 51.13 142.5 1950-51 14.12 35.86 99.9 
01-02 12.54 31.85 88.7 51-52 19.57 49.71 138.5 
02-03 13.89 35.28 98.3 52-53 9.67 24.56 68.4 
03-04 12.66 32.16 89.6 53-54 9.99 25.37 70.7 
04-05 15.77 40.06 111.6 54-55 11.85 30.10 83.9 

107.7 
160.2 

84.9 
134.3 

98.4 

1955-56 
56-57 
57-58 
58-59 
59-60 

18.54 47.09 131.2 
9.86 25.04 69.8 

21.71 55.14 153.6 
11.75 29.85 83.2 

8.39 21.31 59.4 

159.7 
80.0 
41.1 

136.5 
161.0 

1960-61 
61-62 
62-63 
63-64 
64-65 

1905-06 15.22 38.66 
06-07 22.64 57.51 
07-08 11.99 30.45 
08-09 18.97 48.18 
09-10 13.90 35.31 

1910-11 22.56 57.30 
11-12 11.30 28.70 
12-13 5.81 14.76 
13-14 19.28 48.97 
14-15 22.75 57.79 

1915-16 17.06 43.33 
16-17 11.86 30.12 
17-18 15.68 39.83 
18-19 12.79 32.49 
19-20 8.57 21.77 

1920-21 15.21 38.63 
21-22 14.56 36.98 
22-23 14.48 36.78 
23-24 5.92 15.04 
24-25 14.27 36.25 

-9/l) = 14.13 inches (35.89 centimeters) 

10.05 25.53 71.1 
12.44 31.60 88.0 
20.49 52.04 145.0 
10.29 26.14 72.8 
15.09 38.33 106.8 

120.7 
83.9 

111.0 
90.5 
60.7 

1965-66 
66-67 
67-68 
68-69 
69-70 

10.81 27.46 76.5 
19.62 49.83 138.9 
15.08 38.30 106.7 
19.30 49.02 136.6 
11.18 28.40 79.1 

107.6 
103.0 
102.5 

42.0 
101.0 

1970-71 14.92 37.90 105.6 , 
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TABLE 5 

TRIBUTARY RUNOFF 

Runoff 
Tributary Area (thousand acre-feet) 
Drainage (square 1962 1963 I 1964 1965 1966 1967 

Area* miles) -63 -64 -65 -66 -67 -68 

1 39.1 16.80 1.93 16.12 4.55 29.40 4.28 31.96 17.18 

c 17.2 7.6 4.02 3.32 1.24 0.45 3.58 2.59 2.70 1.13 8.64 3.81 3.27 0.73 12.62 4.70 6.22 1.91 
4 24.5 18.67 5.10 19.35 4.46 19.54 5.23 22.70 9.77 
5 10.9 12.76 1.13 10.68 2.17 13.93 2.74 19.23 7.04 

6 43.6 74.13 14.90 34.31 9.32 55.88 17.38 66.32 29.95 
7 20.5 23.30 4.46 12.20 4.09 26.35 7.99 25.12 8.82 
8 27.9 23.92 8.57 11.83 8.68 22.31 11.55 27.41 12.91 
9 3.2 0.67 0.00 0.53 0.00 0.97 0.05 1.26 0.15 

10 11.0 1.00 0.06 1.29 0.00 2.64 0.18 2.35 0.00 

;: 13.8 8.6 1.42 0.76 0.24 0.03 2.43 1.02 0.26 0.00 4.04 2.06 0.40 0.12 3.67 1.81 0.35 0.00 
13 23.1 2.84 0.79 5.93 1.04 8.58 1.11 8.01 1.97 

;"; 13.2 8.5 0.82 1.27 0.07 0.05 2.25 1.45 0.14 0.09 3.66 2.36 0.21 0.14 3..17 2.04 0.42 0.27 

1 101.3 20.66 2.37 19.83 5.60 36.16 5.26 39.31 21.13 
2 44.5 4.94 1.53 4.40 3.32 10.63 4.02 15.52 7.65 

4” 
19.7 4.08 0.55 3.19 1.39 4.69 0.90 5.78 2.35 
63.5 22.96 6.27 23.80 5.49 24.03 6.43 27.92 12.02 

5 28.2 15.64 1.39 13.14 2.67 17.13 3.37 23.65 8.66 

6 112.9 91.18 18.33 42.20 11.46 68.73 21.38 81.57 36.84 
7 53.1 28.66 5.49 15.01 5.03 32.41 9.83 30.90 10.85 
8 72.3 29.42 10.54 14.55 10.68 27.44 14.21 33.71 15.88 
9 8.3 0.82 0.00 0.65 0.00 1.19 0.06 1.55 0.18 

10 28.5 1.23 0.07 1.59 0.00 3.25 0.22 2.89 0.00 

35.7 1.75 0.29 2.99 0.32 4.97 0.49 4.51 0.43 
22.3 0.93 0.04 1.25 0.00 2.53 0.15 2.23 0.00 

;2 59.8 34.2 3.49 1.56 0.97 0.09 2.77 7.29 1.28 0.17 10.55 4.50 1.37 0.26 9.85 3.90 2.42 0.52 
15 22.0 1.01 0.06 2.78 0.11 2.90 0.17 2.51 0.33 

*For location, see Figure 10. 
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Table 6 

IMPORTED WATER 

State Water Projecty 
Ground Water Local 

Fiscal Year Hetch Hetchy Recharge Irrigation Total 

Acre-Feet 

1962 
1963 
1964 
1965 

15,490 
23,140 
27,090 
29,590 500 -O- -o- 

-o- 
-O- 
-O- 
500 

1966 33,580 29,350 
1967 36,040 31,460 
1968 40,160 54,580 
1969 42,180 45,640 
1970 48,350 37,590 

3Yi 
8,150 

11,450 
39,170 

-O- 29,350 
-o- 31,770 
270 63,000 
570 57,660 
470 77,230 

1971 45,210 43,790 43,990 710 88,490 
1972 49,880 42,530 48,820 800 92,150 
1973 48,890 46,990 44,990 600 92,580 

Cubic Hectometersy 

1962 19.1 
1963 28.5 
1964 33.4 
1965 36.5 0.6 -o- -o- 

I I 
-o- 
-o- 
-o- 
0.6 

1966 41.4 36.2 -o- -o- 36.2 
1967 44.4 38.8 0.4 -o- .39.2 
1968 49.5 67.3 10.1 0.3 77.7 
1969 52.0 56.3 14.1 0.7 71.1 
1970 59.6 46.4 48.3 0.6 95.2 

1971 55.8 54.0 54.2 0.9 109.1 
1972 61;s 52.4 60.2 1.0 113.6 
1973 60.3 57.9 55.5 0.8 214.2 

l/ SBA deliveries began in June 1965. 
2/ Rinconada Water Treatment Plant began operation in June 1967. 
z/ Million cubic meters. 
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When it became evident that both locally developed water and Hetch 
Hetchy water would not keep pace with the growth, the Santa Clara 
Valley Water District contracted with the State to receive water 
from the State Water Project through the South Bay Aqueduct. 
Deliveries to the north valley began in July 1965 and presently 
total about 100,000 acre-feet (123 hm3) a year. Deliveries include 
88,000 acre-feet (109 hm3) of contracted water and an additional 
12,000 acre-feet (15 hm3) of surplus water when available. Annual 
deliveries are listed in Table 6. 

Approximately half of this imported water now is being treated 
for surface distribution at the Santa Clara Valley Water District 
Rinconada Water Treatment Plant, which was completed in 1967, 
and the Penitencia Water Treatment Facility, completed in 1974. 
The remainder is used for recharge of the ground water basin. 
The Penitencia Plant has capacity to treat 20 MGD (76,000 m3/d) 
of South Bay Aqueduct water. The Rinconada and Penitencia Water 
Treatment Plants will eventually be treating nearly 70 percent 
of the total South Bay Aqueduct import. This will result in the 
reduction of imported water available for ground water recharge. 
Ground water levels have been recovering steadily since the initia- 
tion of water importation. 

Increases in water demands have been supplied by treated imported 
water, so that ground water production has remained relatively 
constant at approximately 150,000 acre-feet (185 hm3> per year. 

Operation of Recharge Facilities 

The primary purpose of the water retained in the various District 
reservoirs is to replenish the ground water basin. Water is re- 
leased from the reservoirs to allow for its maximum use during 
the summer operation period. Annual analyses are made to determine 
the amounts of water available for recharge from the various reser- 
voirs and the amounts of water available from imported water sources. 
The imported water available for recharge is that water not delivered 
to the Rinconada Water Treatment Plant or served directly for irri- 
gation. An operational schedule is developed-based on the amount 
of water available and on constraints such as maintenance and con- 
struction projects in natural channels and maintenance of recharge 
facilities. Recreational needs are met whenever possible. Those 
recharge facilities that are part of a park complex or leased to 
other agencies for recreation are operated whenever possible. 
Long-term recreational pools during the summer months are maintained 
if possible. 

Reservoir releases are made to meet the downstream demands with 
the intention to maximize the total amount of water recharged. 
The areas of ground water deficiency would be first on a priority 
for recharge. 

Data on percolation facilities are summarized in Table 7; Figure 11 
shows the locations of the recharge facilities. Descriptive material 
on each facility is given below: 
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TABLE 7 

PERCOLATION FACILITIES IN SANTA CLARA COUNTY 

Name Location 

Total Surface Area1 Maximum Recharge Rate 
Number of (acre-feet per (cubic meters per Source of 

Ponds (acres) (hectares) acre per day) hectare per day) I Water '\ 

Alamitos On Guadalupe River at 
confluence of Alamitos 
and Guadalupe Creeks 

Budd Along San Tomas Expressway 
near Budd Avenue 

Camden Along west bank Los Gatos 
Creek south of San Tomas 
Expressway 

Coyote On Coyote River north of 
Metcalf Road and east of 
Highway 101 

Ford Road On Coyote River between Ford 
Road and Tennant Avenue 

Guadalupe Along Guadalupe River north 
of Blossom Hill Road 

Kooser Within PGEE right-of-way 
between kooser Avenue and 
Tobias Drive 

Los Along north bank of Guadalupe 
Capitancillos Creek west of Almaden 

Expressway 

McGlincey Both sides of McGlincey Lane 
and north of Griffith Street 

Oka East bank of Los Gatos Creek 
north of Oka Lane extended 

Page West of Winchester Blvd. 
between Haciend: Blvd. and 
Sunnyoaks Blvd. 

Penitencia North of Penitencia Creek 
Road and west of Noble Ave. 

Sunnyoaks West of Winchester Blvd. 
between Sunnyoaks Ave. and 
Waldo Road 

2 15 6.0 1 499.2 Local and 
Imported 

3 9 3.6 3 

0.5 

1497.6 

3 62 25.1 249.6 

Local and 
Imported 

Local and 
Imported 

1 30 12.1 2 998.4 Local 

4 34 13.7 1 499.2 Local 

4 48 19.4 0.5E' 

4 2 0.8 5 

249 6-l . 

2496.0 

Local and 
Imported 

Imported 

9 63 25.5 0.5 249.6 Local and 
Imported 

6 2.8 2995.2 Local and 
Imported 

4 6.9 499.2 Local and 
Imported 

8 5.7 998.4 Local and 
Imported 

6 5.7 

1.2 

499.2 Local and 
Imported 

4 998.4 Local and 
Imported 

c/ Estimate 

Alamitos Percolation Ponds 

One offstream pond and one onstream pond receive local runoff 
from three sources: Alamitos Creek, Guadalupe R iver, and Coyote 
Creek by way of the Coyote-Alamitos Canal. In addition, imported 
water can be delivered from the Almaden Valley Pipeline by way of 
Guadalupe R iver. The onstream pond is operated during certain 
portions of the year by the erection of a flashboard dam on Alamitos 
Creek. There is no method of measuring the flow into this system 
except for a water stage recorder located at the flashboard dam. 

During the w inter, the flashboard dam is removed and a gravel dam 
is constructed to divert streamflow into the offstream pond. 
water of less than 25 Jackson Turbidity Units is diverted. 

On ly 

This area is not fenced; it is leased to the C ity of San Jose 
for development for public use. i ; 

-74- 



Budd Avenue Percolation Ponds 

Three ponds in series receive local.and imported water via the 
Upper Page Ditch and Page Pipeline. A low pressure meter measures 
the total combined flow to the Budd Avenue and adjacent Sunnyoaks 
Ponds. An overflow pipe in the most northerly Budd Avenue Pond 
conveys unmeasured excess flow to San Tomas Aquinas Creek through 
a storm drain. 

Imported water can be delivered to this system without using 
natural stream channels, and the ponds can be operated during 
the winter, During periods of heavy runoff, the recharge potential 
of these ponds can be used to infiltrate local water. 

The area is fenced and is adjacent to a subdivision. 

Camden Percolation Ponds 

Local and imported water is delivered to the.middle of three 
connected ponds via the Upper Page Ditch. The combined flow 
into the Camden, Page, Budd Avenue, and Sunnyoaks recharge areas 
is measured by a water stage recorder located at the head of 
the Upper Page Ditch. Flow not diverted into the Camden Ponds 
is measured by a water stage recorder located at Dell Avenue. 
An overflow pipe located in the most northerly Camden Pond returns 
unmeasured flow to Los Gatos Creek. Some seepage occurs along 
the east bank of the ponds; this seepage flows to Los Gatos Creek. 

Imported water can be delivered to this system without using 
natural channels, and the system is operated during winter months 
to a limited degree without consideration of local runoff condi- 
tions. During periods of heavy runoff, however, the recharge 
potential of those ponds can be used to infiltrate local water. 

The area is not fenced; it is leased by the Santa Clara County 
Parks and Recreation Department for development as a recreational 
facility. 

Coyote Percolation Pond 

One large onstream pond is formed and regulated by the Coyote 
Percolation Dam, which receives local water from the Anderson- 
Coyote watershed via Coyote Creek and Coyote Canal, which parallels 
the creek. The canal is used instead of the creek to prevent 
high ground water conditions in areas adjacent to the creek. 
Water stage recorders' are located both upstream and downstream 
of this system. 

During periods of high runoff, the water level in this pond is 
lowered in order to prevent degradation of the infiltration rate 
by the spreading of turbid water, 

The area is not fenced; it is a part of Coyote Park. 
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Ford Road Percolation Ponds 

Three onstream ponds that are formed by gravel dams, and one off- 
stream pond receiving water from the uppermost onstream pond, 
receive water from Anderson Reservoir. Inflow and outflow cannot 
'be measured. 

During winter months, water levels in these ponds are lowered 
and gravel dams are removed to prevent turbid water from affecting 
recharge rates and also as a flood protection measure. Delivery 
cannot be made to the offstream pond if the gravel dam forming 
the upstream pond is not in operation. 

The area is not fenced; it is a part of Coyote Park. 

Guadalupe Percolation Ponds 

Three offstream ponds, and one onstream pond that is used during 
a portion of the year by the construction of two gravel dams 
in the Guadalupe River, receive local water from Almaden, Calero, 
or Guadalupe Reservoirs. Imported water can be delivered from 
the Almaden Valley Pipeline via Guadalupe River. 

Two ponds are on the west side of the river and one is on the east 
side. Water is introduced into the southerly pond on the west 
side of the river by the construction of a small diversion dam 
near the southeast corner of the pond. A pipe is located between 
the two westerly ponds. Farther to the north on the Guadalupe 
River, a gravel dam is used to divert water to the easterly pond. 

During periods of local runoff, the gravel dams are removed and 
turbid waters are not diverted to the offstream ponds. The area 
is fenced. 

Kooser Percolation Ponds 

A series OI? four ponds receive only imported water from the Almaden 
Valley Pipeline. A low pressure meter measures all flows into these 
ponds. Weirs between the ponds are used to measure interpond flow. 
There is no overflow to handle surplus flows. The area is fenced. 

Los Capitancillos Percolation Ponds 

A series of nine ponds receive local runoff from the Guadalupe 
watershed area and imported water from the Almaden Valley Pipeline. 
Water enters the most westerly pond from Masson Dam. This westerly 
pond also serves as a desilting pond and has cross levees to provide 
about one hour detention time. Chemicals can be introduced to de- 
crease turbidity of the water. Some of this water returns to the 
Guadalupe River by way of bank seepage. All water entering the 
system is measured by a water stage recorder located at a Parshall 
flume between the uppermost pond area and the second pond. There 
is no measurement made of reintroduced water. At the northeasterly< 
corner of the ninth pond, there is a pipeline that can be used to 
convey water to the Alamitos Pond. 
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Imported water can be delivered to this system without using 
natural channels, and the system can be operated during winter 
months, to a limited degree, without consideration of local runoff 
conditions. During periods of heavy runoff, when water in Guadalupe 
River is going to waste, the recharge potential of these ponds 
could be used to infiltrate local water. 

The area is fenced. The City of San Jose and the County of Santa 
Clara plan to lease portions of this area to develop it for public 
recreational use. 

McGlincey Percolation Ponds 

A group of six ponds receive local and imported water by way of 
Kirk Canal. The flow into the ponds is measured by a water stage 
recorder located just north of Camden Avenue. An overflow pipe 
located in the most easterly pond allows excess flow to return 
via a storm drain to Los Gatos Creek. Some seepage also returns 
to Los Gatos Creek. 

Imported water can be delivered to this system without using 
natural channels, and the system can be operated during winter 
months without consideration of local runoff conditions. During 
periods of heavy runoff, the recharge potential of these ponds 
can be used to infiltrate local water. The area is completely 
enclosed. 

Oka Lane Percolation Ponds 

A group of four ponds receive local and imported water by way 
of Kirk Ditch and Central Pipeline. Each pond has a separate 
connection to the Kirk Ditch, and the amount of water delivered 
to each pond is not measured. The most southeasterly pond is 
used as a desilting pond, The combined flow into the Oka and 
McGlincy Ponds is measured by a water stage recorder located 
at the head of Kirk Creek. Flow not diverted into the Oka System 
is measured by a water stage recorder located just north of 
Camden Avenue on the Kirk Ditch. -Some water can be returned to 
Los Gatos Creek by wasteways located downstream of the Oka Ponds 
and above the recorder station. In addition, an overflow pipe 
located in the most northerly pond returns excess flows to Los 
Gatos Creek. Flows in the wasteway and overflow pipe are not 
measured. Considerable seepage occurs along the west bank of 
the ponds. 

Imported water can be delivered to this system without using 
natural channels. The system can be operated during the winter 
months to a limited degree without consideration of local runoff 
conditions, During periods of heavy runoff, the recharge potential 
of these ponds can be used to infiltrate local water. 

The area is not fenced. The Santa Clara County Parks and Recrea- 
tion Department leases this area and will develop it for recrea- 
tional use. 
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Page Percolation Ponds 

A group of eight ponds receive local and imported water by way of 
Page Pipeline. The combined flow into the Page Ponds, Sunnyoaks 
Ponds, and Budd Avenue Ponds is measured by a water stage recorder 
located on Upper Page Ditch at Dell Avenue. Flows not diverted to 
Page, Budd, or Sunnyoaks Ponds are conveyed via Page Canal past the 
Page Percolation System to Smith Creek, then to San Tomas Aquinas 
Creek. This flow is measured by a water stage recorder located at 
Sonuca Avenue. 

Imported water can be delivered to this system without using natural 
channels. The system can be operated during the winter months with- 
out consideration of local runoff conditions. During periods of 
heavy runoff, the recharge potential of these ponds can be used to 
infiltrate local water. The area is fenced. 

Penitencia Percolation Ponds 

A series of five ponds and a canal containing 22 check structures 
receive local water from Penitencia Creek during limited periods 
of time in the winter and spring, During the remainder of the 
year a imported water is placed in the ponds from the South Bay 
Aqueduct via the Penitencia Water Treatment Plant. 

Because of the location of these ponds in relationship to the 
imported water system, the ponds also are operated to hold minor 
surges in flows. Each of the five ponds has an overflow spillway 
that is capable of carrying 185 cfs (5.24 cumecs) to Penitencia 
Creek. Water in the ponds can be released to supply irrigation 
and recharge demands along Sierra and Berryessa Creeks. 

Flow into this system is measured by a water stage recorder located 
at the head of the diversion. Outflows from the ponds are not measured. 

The ponds are only partially fenced; the canal is completely fenced. 
The City of San Jose plans to use the five ponds as a park. 

Sunnyoaks Percolation Ponds 

A group of four ponds receive local and imported water via the Upper 
Page Ditch and by the Page Pipeline. A low pressure meter measures 
the total combined flow to those ponds and the Budd Avenue Ponds. 
There is no overflow or return flow drain from these ponds. 

Imported water can be delivered to this system without using natural 
stream channels and can be operated during periods of high stream- 
flow without consideration of local runoff conditions. During periods 
of heavy runoff, the recharge potential of these ponds can be used 
to infiltrate local water. 

The area is fenced. The pond next to the fire station, located at 
the south end of the ponds, is used by the Fire Department for train- 
ing purposes. There are no plans to develop this area for public USF 
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'Agricultural Water Use 

Detailed records on amounts of ground water pumped and surface 
water delivered for agricultural purposes are available for the 
years 1966 through 1970. These records also include the net 
acreage to which the water is applied. The records do not indi- 
cate if the surface diversions were applied to areas also re- 
ceiving ground water. For the purpose of this study, it is assumed 
that there is no application of both surface and ground water to 
the same acreage during the same six-month period. 

Depths of water applied to various crops during each of the years 
1967 through 1971 were determined from records of ground water 
pumpage and lands receiving ground water irrigation. The depths 
computed on the basis of net irrigated lands are shown in Table 8. 
Gross acres include the irrigated plot, related farm facilities, 
and adjacent streets. For the study area, the net irrigated lands 
are taken as 85 percent of the gross irrigated lands. Depths 
of applied water corrected to a gross acreage basis are shown 
in Table 9. 

Depths of applied irrigation water per gross acre for the years 
1962 through 1966 shown in Table 9 are based on four factors: 
(1) analysis of all years 1962 through 1970 to determine which 
years were wet, normal, or dry (based mainly on rainfall in March 
and April and secondly on rainfall in February); (2) determination 
of annual applied water for wet, normal, and dry conditions for 
the period 1967 through 1970; (3) assumption that applied water 
after 1966 was decreased for most crops due to the pump tax; and 
(4) calculation of unit values for the wet, normal, and dry years 
in the period 1962 through 1966 by adding one irrigation to values 
obtained from years 1967 through 1970. 

Land Use 

The annual amounts of land use for the lands overlying the ground 
water model area are shown on Table 10, and are based on land use 
surveys made in 1961, 1965, and 1967 by the Department and/or 
Santa Clara County, and from records of the District on water use 
and irrigated acreage. The various types of land use are irrigated 
agricultural lands, urban lands, 
and water surface areas. 

native or nonirrigated lands, 

The amounts of irrigated agricultural land mapped in the 1967 
land use survey were greater than recorded acreage of agricultural 
land being supplied by wells and surface water diversions. Analysis 
of the discrepancy revealed that the depths of applied water ob- 
tained from the District's water use data appeared to be on the 
low side of a reasonable range of values. Therefore the acreage 
irrigated by the metered water should not be increased. Many 
orchards in the area are mature and can survive for a period of 
years without irrigation. These same orchards still have irriga- 
tion facilities and would appear to be irrigated orchard. It 
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TABLE 8 

l/ UNIT VALUES OF APPLIED IRRIGATION WATER: NET ACREAGE- 

Crop 

d e~'d~',e~~. 

1967 I 1968 t 1969 i 1970 

Alfalfa 
Apricots 
Berries 
Cherries 
Corn (Sweet) 
Flowers 
Mixed Row Crop 
Onions 
Mixed Orchard 
Pears 
Pasture 
Prunes 
Tomato (Bush) 
Walnuts 
Vineyards 

Al fal,fa 0.62 0.76 0.64 0.78 
Apricots 0.27 0.28 0.31 0.34 
Berries 1.09 1.34 1.44 2.62 
Cherries 0.34 0.45 0.40 0.44 
Corn (Sweet) 0.52 0.40 0.54 0.36 
Flowers 1.07 -1.14 1.17 2.06 
Mixed Row Crop 0.67 0.72 0.76 0.77 
Onions 0.77 0.69 0.64 0.57 
Mixed Orchard 0.33 0.34 0.32 0.36 
Pears 0.49 0. 65 0.58 0.61 
Pasture 0.52 0.62 0.50 0.52 
Prunes 0.27 0.37 0.33 0.44 
Tomato (Bush) 0.55 0.52 6’. 52 0.58 
Walnuts 0.27 0.33 0.36 0.33 
Vineyards 0.10 0.28 0.22 0.17 

(Feet)ll 

2.05 
0.90 
3.56 
1.13 
1.72 
3.50 
2.19 
2.51 
1.10 
1.62 
1.70 
0.94 
1.81 
0.94 
0.33 

3/ 
(Meters)- 

2.48 2.09 2.55 
0.91 1.01 1.13 
4.41 4.73 5.33 
1.47 1.31 1.43 
1.32 1.79 1.17 
3.74 3.85 3.48 
2.37 2.48 2.51 
2.27 2.12 1.87 
1.12 1.06 1.18 
2.13 1.90 2.00 
2.02 1.63 1.69 
1.20 1.10 1.44 
1.71 1.72 1.89 
1.08 1.17 1.09 
0.91 0.72 0.57 

1/ Net acreage is irrigated portion of farm only 
2/ Acre-feet per net acre. 
z/ Cubic meters per net hectare. 
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TABLE 9 

1/ UNIT VALUE OF APPLIED IRRIGATION WATER: GROSS ACREAGE- 

wilteu; Yfslui 
Crop 1961-Z t1962-6311963-4 11964-5 11965-6'11966-7 j196/-8 1 1968-9 1 1969-/O 

Alfalfa 
Apricots 
Berries 
Cherries 
Corn 
Flowers 
Mixed Row 
Mixed 

Orchard 

Kdo,:s 
Pasture 
Prunes 
Tomatoes 
Walnuts 
Vineyard 

Alfalfa 
Apricots 
Berries 
Cherries 
Corn 
Flowers 
Mixed Row 
Mixed 

Orchard 
Onions 
Pears 
Pasture 
Prunes 
Tomatoes 
Walnuts 
Vineyard 

2.75 2.25 2.75 
1.25 1.17 1.58 
4.00 3.50 4.50 
1.50 1.33 1.83 
2.00 1.75 2.25 
3.25 3.00 3.50 
2.50 2.17 2.50 

1.33 1.25 1.58 
2.25 1.17 ,1.67 
2.00 1.75 2.33 
2.25 1.75 2.58 
1.33 1.17 1.67 
2.00 1.75 2.25 
1.25 1.17 1.58 
0.67 0.33 0.84 

0.84 0.69 0.84 0.76 0.84 0.53 0.64 0.59 0.66 
0.38 0.36 0.48 0.48 0.48 0.23 0.23 0.26 0.29 
1.22 1.07 1.37 1.14 1.37 0.92 1.14 1.23 1.38 
0.46 0.41 0.56 0.56 0.56 0.24 0.38 0.34 0.37 
0.61 0.53 0.69 0.59 0.69 0.46 0.34 0.46 0.30 
0.99 0.91 1.07 0.99 1.07 0.91 0.97 1.00 0.90 
0.76 0.66 0.76 0.61 0.69 0.57 0.61 0.64 0.65 

0.41 0.38 0.48 0.48 0.48 0.29 0.29 0.27 0.30 
0.76 0.36 0.51 0.51 0.51 0.65 0.59 0.55 0.48 
0.61 0.53 0.71 0.71 0.71 0.42 0.55 0.49 0.52 
0.76 0.53 0.79 0.71 0.79 0.44 0.52 0.42 0.44 
0.41 0.36 0.51 0.51 0.51 0.24 0.31 0.29 0.37 
0.61 0.53 0.76 0.59 0.76 0.47 0.44 0.45 0.49 
0.38 0.36 0.48 0.48 0.48 0.24 0.28 0.30 0.28 
0.20 0.10 0.26 0.20 0.26 0.09 0.23 0.19 0.15 

(Feet)ll 

2.50 2.75 
1.58 1.58 
3.75 4.50 
1.83 1.83 
1.92 2.25 
3.25 3.50 
2.00 2.25 

1.58 1.58 
1.67 1.67 
2.33 2.33 
2.33 2.58 
1.67 1.67 
1.92 2.25 
1.58 1.58 
0.67 0.84 

3/ 
(Meters)- 

1.74 2.10 1.94 2.17 
0.77 0.77 0.86 0.96 
3.03 3.75 4.02 4.53 
0.96 1.25 1.11 1.22 
1.46 1.12 1.52 0.99 
2.98 3.18 3.27 2.96 
1.86 2.01 2.10 2.13 

0.94 0.95 0.90 1.00 
2.13 1.92 1.80 1.59 
1.38 1.81 1.62 1.70 
1.45 1.72 1.39 1.44 
0.80 1.02 0.94 1.22 
1.54 1.45 1.46 1.61 
0.80 0.92 0.99 0.93 
0.28 0.77 0.61 0.48 

l/ Gross acreage includes irrigated and nonirrigated portions of farm. 
T'/ Acre-feet per gross acre. 
z/ Cubic meters per gross hectare. 
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TABLE 10 

LAND USE 

Total 
Irrigated Agriculture Water 

Year Agriculture I Dry Farm and Native Urban Surface 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

62,440 

58,070 

53,720 

(Acres) 

17,770 79,210 

18,420 76,490 

19,080 72,800 

68,970 

66,890 

64,550 

61,540 

59,080 

56,640 

25,270 

23,500 

21,740 

(Hectares) 

7,160 32,430 

7,450 30,950 

7,720 29,460 

27,910 

27,070 

26,120 

24,910 

23,910 

22,920 

77,130 19,960 

80,850 19,960 

84,540 19,960 

88,220 20,110 

90,300 20,110 

9?,640 20,110 

95,650 ,20,110 

98,450 19,770 

101,220 19,440 

31,210 8,080 

32,720 8,080 

34,210 8,080 

35,700 8,140 

36,540 8,140 

37,500 8,140 

38,710 8,140 

39,840 7,870 

40,960 7,790 

-82- 



was concluded that some of the agricultural lands mapped as irri- 
gated in the 1967 land use survey were probably nonirrigated. 
One of the major factors affecting irrigation of agricultural 
lands was the imposition of a pump tax in the mid-1960's. For 
this study, it was as,sumed that the irrigated agricultural land 
use data in Table 10 is reliable for years 1961 through 1964 and 
can be used as a basis to determine agricultural applied water. 
Because the amount of irrigated land from 1965 on probably contains 
significant amounts of underirrigated or nonirrigated orchard 
and pasture lands, the acreage of irrigated and nonirrigated lands 
have been combined with native lands in Table 10. Changes in land 
use from 1967 through 1970 are based on data on lands subdivided 
during each year. General land use is shown on Figure 12. 

Ground Water Pumpage 

The annual amounts of ground water pumped during the study period 
are shown on Table 11. Water pumped by private and public utili- 
ties is based on metered flows. Water produced by individual 
domestic and industrial wells has been metered from 1964 to date, 
and was assumed to be constant for 1962 through 1964. The amounts 
of irrigation water pumped during 1962-63 and 1963-64 were computed 
as the,difference between demand (irrigated acreage multiplied 
by depth of applied water) and surface water diversions. 
1966 on, the actual metered pumpage was used. 

From 
The first fill 

year of metering was 1965, and may not include all agricultural 
pumpage. To compensate for possible missing data in 1965, the 
agricultural pumpage for 1965 was taken as the greater of 1965 
and 1966 pumpage in each nodal area. 

Water Quality 

The variety of uses to which a water resource may be put is limited 
by the quality of that resource. 
of crops, for example, 

Water suitable for irrigation 
may contain certain elements which make 

it undesirable for use as drinking water and vice versa. The 
quality of the surface and ground water resource of North Santa 
Clara Valley is described below. 

Quality of Surface Water 

Local surface water in North Santa Clara Valley is mostly of 
excellent quality, highly suitable for agricultural and domestic 
purposes. In some areas, the hardness .is considered excessive 
at times, 
reservoir. 

but tends toward lower overall averages by mixing in 
Poor quality water occurs in the lower reaches of 

the tidal inlet channels due to incursion of saline water from 
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( SANTA CLARA VALLEY
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TABLE 11 

GROUND WATER PUMPAGE \ 

Calendar Individual 
YMP Agriculttire Muriicipal Domestic Indirstries Total 

1962 91,710 

1963 74,680 

1964 '94,090 

1965 53,980 

1966 41,110 

1967 23,790 

1968 32,830 

1969 27,740 

1970 27,010 

1962 113.12 

1963 92.12 

1964 126.06 

1965 66.58 

1966 50.71 

1967 29.34 

1968 40.50 

S 969 34.22 

1970 33.32 

-(Acre-Feet) 

70,320 760 

67,230 750 

82,830 750 

76,020 510 

87,820 890 

79,940 1,110 

1139820 1,090 

100;870 950 

97,670 950 

(Cubic Hectometers$' 

i?S. 74 0.94 

82.93 0.93 

102.17 ,0.93 

93.77 0.63 

108.33 1.10 

9% 61 1.37 

140.40 1.34 

124..42 1.17 

120.48 1.17 

19,460 182,250 

19,460 162,120 

19,460 197,130 

18,380 148,890 

23,010 152,830 

22,080 126,920 

23,480 171,220 

22,660 152,220 

22,660 148,290 

24.00 224.80 

24.00 199.98 

24.00 243.16 

22.67 183.65 

28.38 188.52 

27.24 156.56 

28.96 211.20 

27.95 187.76 

27.95 182.'92 

lJ Million cubic meters 
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the Bay, and abnormally high boron concentrations have occurred 
in Penitencia Creek, Other than in these instances, there does 
not appear to be any generally consistent and substantial quality 
variation in surface waters of the area. 

The total dissolved solids (TDS) content of the water ranges 
from about 200 to 400 milligrams per liter (mg/l), while its 
chemical character is calcium-magnesium bicarbonate. However, 
while neither consistent nor substantial, the upper range of 
TDS content in streams on the western side of the valley tend 
to be about 100 mg/l higher than those on the eastern side. 
This may be a reflection of geologic conditions on the western 
side which form the watersheds for these streams. There also 
is another geologically derived water quality condition which 
must be noted, even though it does not constitute a direct 
problem except when associated with the biological food chain 
which includes edible game fish, 

In 1970, evidence of mercury from abandoned mercury mines was 
found in some surface water in Santa Clara Valley. Samples of 
water collected from Alamitos Creek were determined to contain 
mercury concentrations generally in the order of 0.5 micrograms 
per liter (pg/l), which is well below the Environmental Protection 
Agency tentative mercury concentration limit of 2.0 ug/l for 
public drinking water supplies. Subsequently, samples of fish 
were collected from Almaden and Calero Reservoirs which receive 
water from Alamitos Creek. Analysis of fish flesh samples showed 
mercury concentrations greater than 0.5 micrograms per gram (pg/g) 
which is 1,000 times greater than the concentrations generally 
found in the water. The maximum acceptable limit of mercury 
concentrations in fish flesh, as established by the U. S. Food 
and Drug Administration (Sport Fishing Institute, 1973), is 0.5 
udg. As a result of the findings, signs warning of mercury 

,contamination were posted at Calero and Almaden Reservoirs, and 
mercury analyses of water, sediment, and fish flesh samples 
collected from other surface waters in Santa Clara County were 
made by several agencies. The wide interest by state and federal 
agencies in this problem was spurred by the fact that it presented 
one of the few, if not the only, opportunities for a case study 
of mercury contamination of fish in inland waters not associated 
with industrial pollution. 
sample preparation, 

Development of procedures for biological 
as well as analytical techniques in the micro- 

concentration range, were of major interest to some agencies, 
while finding a solution to the physical problem and making manage- 
ment decisions regarding it was the priority interest of other 
agencies. Some of the results of these studies are included below 
in the discussion of Calero, Lexington, and Anderson Reservoirs, 
each of which impounds water that flows into the area of investi- 
gation from watersheds with differing geochemical characteristics. 
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Calero Reservoir. In four samples of water collected from this 
reservoir in 1971, TDS ranged from 180 to 290 mg/l and the water 
was hard to very hard (160 to 320 mg/l as CaCO ). Mercury con- 
centration in the flesh of a largemouth bass (l&cropterus 
salmoides) collected from the reservoir in April 1971 was 
5.1 pg/g, which is above the acceptable limit of 0.5 pg/g. Most 
of the other fish flesh analyzed also exceeded this limit. 
Warnings of mercury contamination were posted at the reservoir. 

Lexington Reservoir. This reservoir on Los Gatos Creek, which 
is geochemically similar to Alamitos Creek, also was sampled four 
times in 1971. TDS varied from 170 to 360.mg/l and total hardness 
from 160 to 310 mg/l. In 1971 and 1972, mercury was detected 
in the tissue of nearly all fish sampled, About 40 percent of 
the tissue samples exceeded the mercury concentration limit of 
0.5 pg/g, with the highest concentration of mercury being 0.9 ,,g/g. 

Anderson Reservoir. This reservoir impounds Coyote Creek water 
derived from a geochemical province quite different from the fore- 
going two. The-reservoir was sampled four times in 1971, showing 
TDS from 200 to 230 mg/l and hard water 160 to 180 mg/l as CaC03). 
Mercury concentrations in fish flesh were below the acceptable limit 
of 0.5. g/g. 

Quality of Imported Water 

The quality of water imported from the Sacramento-San Joaquin 
Delta is influenced by climatic conditions, irrigation return 
flow, municipal and industrial waste discharges, and tidal inflow 
from the Bay. There is a marked seasonal variation. TDS, for 
example, range from less than 200 mg/l in spring and early summer 
to more than 400 mg/l in fall and winter. There is also a seasonal 
change in the predominant ions; For example, in December 1968 
chloride was the predominant anion; in August 1969 bicarbonate 
predominated, Typically, the sodium content ranges from about 
30 to 60 percent. 

Water imported by the City of San Francisco and served in the 
Santa Clara Valley is a mixture from two sources: the Hetch 
Hetchy Project on the upper Tuolumne River and surface water 
from Alameda and Santa Clara Counties, Both water types are 
of calcium-bicarbonate character, but the TDS of Hetch Hetchy 
water is about 30 mg/l, and that of Alameda County water ranges 
from 150 to 450 mg/l. Based upon the usual proportions of these 
sources served in the Santa Clara Valley, the average of the 
delivered water from the City of San Francisco is about 60 mg/l 
of TDS. 
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Quality of Ground Water 

Ground water in most of the major producing aquifers, although 
hard, is of good to excellent mineral quality and suitable for 
most uses, It is generally bicarbonate in type, with sodium and 
calcium the predominant cations. 
from about 300 to 600 mg/l. 

TDS in most ground water ranges 
Ground water of inferior quality 

occurs in the saline water intrusion zone, in formations contain- 
ing connate water, and in the Penitencia Creek alluvial fan. 

The saline water intrusion zone extends inland from the Bay to 
approximately the Bayshore and Nimitz Freeways. Generally, 
shallow aquifers, those less than 100 feet (30 meters) deep and 
adjacent to tidal inlet streams, have been affected. Some degrada- 
tion of deeper aquifers also has occurred , probably by interchange 
of water between the upper and lower aquifers through improperly 
constructed or abandoned wells. At some locations, chloride con- 
centrations in the shallow aquifers exceed 1,000 mg/l. With 
properly constructed wells , ground water of good quality can be 
obtained from the deeper aquifers, and that of satisfactory 
quality from the shallow aquifers in a considerable portion of 
the area near the Bay. 

Formations which yield connate water are the marine deposits of 
Cretaceous and Tertiary Age. These underlie the fresh ground 
water body in much of the valley floor area. The Evergreen area 
is one in which connate water with chloride exceeding 1,000 mg/l 
has been found at normal production depths of between 300 and 
800 feet (100 to 240 meters). This saline water is under artesian 
head with the potentiometric surface at about the same elevation 
as the overlying fresh water aquifer. There is also evidence 
of connate water-bearing deposits at other locations in the 
valley at depths from about 500 to 1,000 feet (150 to 300 meters). 

Ground water containing boron in excess of 1 mg/l has been found 
in the Penitencia Creek alluvial fan. At least part of this 
boron can be attributed to the recharge of water from Penitencia 
Creek which often contains high boron concentrations in excess of 
1 mg/l. Although a maximum of 0.5 mg/l is recommended for irri- 
gation, this ground water has been used for agricultural and 
domestic purposes with no apparent adverse effects. 

Minor Elements 

A study of minor elements in water of the Santa Clara Valley was 
conducted by Averett and others (1971). Samples were collected 
from wells, springs, streams, reservoirs, and imported water. 
Spectrographic analyses showed wide ranges in concentration of 
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some minor elements, especially aluminum (.0014 to 1.875 mg/l), 
iron (.0025 to 1.6 mg/l), manganese (.0014 to 3.23 mg/l), and 
zinc (.0057 to 3.0 mg/l). Wide variations occurred both within 
a given sampling station and between different sampling stations. 
This is not uncommon with minor elements in these concentration 
ranges and under the heterogeneous environmental conditions which 
exist in the area. These wide variations can be attributed to a 
combination of factors including ground and surface water hydrology, 
geologic variations, effects of well casings and screens, and 
sampling and analytical procedures. Because of these uncertain- 
ties, the report stated that the results must be used with caution. 

Data from the comprehensive study by the Geological Survey confirm 
the general ranges of concentration of minor elements which have 
been detected in occasional samplings of ground and surface 
waters by the Department of Water Resources in the area during 
the past 10 to 15 years. In general, the observed concentrations 
of minor elements in these waters would not be considered to 
constitute water quality problems. However, the high values in 
the ranges of iron and manganese are excessive for domestic 
water, and those of zinc and manganese would not be recommended 
for continuous use on agricultural soils. 

Consumptive Use and Recharge 
of Rain and Delivered Water 

A basic part of a water inventory is the development of annual 
values for the depth of consumptive use and recharge of rain and 
delivered water applied to various land use classes within northern 
Santa Clara County. Consumptive use 1s defined as the amount of 
water used by the vegetative growth of a given area in transpira- 
tion, building of plant tissue, and evaporated from adjacent 
soil. It also includes the water evaporated in industrial processes, 
household use, or permanently incorporated in a product. Delivered 
water is that delivered by man-made works to a given land use. 
A portion of the rainfall on the alluvial surfaces becomes consump- 
tive use or recharge. The remaining is runoff out of the area. 

A computerized method of determining the disposition of precipita- 
tion and delivered water applied to irrigated lands was used 
in this study. The method compared the available moisture against 
the demand for water in the root zone on a monthly basis during 
the winter season and as a lump sum for the growing season. 
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Evaporation 

The first demand on available moisture is evaporation. Daily 
evaporation data are available from Weather Bureau evaporation 
stations in the study area for years since 1960. The measured 
evaporation pan rates have been corrected to water surface evapo- 
ration rates by use of monthly pan evaporation c0nstant.s. 

From the evaporation record, average rates of evaporation are 
determined for each month of each year for storm periods and r%%n- 
storm periods. Daily evaporation rates are shown on Table 12. 

Evaporation from individual storms on the valley floor is computed 
in 

1. 

2. 

3. 

4. 

5. 

the following manner. 

An individual storm is considered to be a period of rainfall 
that is separated from another by at least two days of zero 
precipitation. 

The daily rate o‘f evaporation from all surfaces during and 
after storm periods is assumed equal to the average daily 
pan rate during like. periods. 

On pervious areas, the evaporation computation consisted of 
two parts: (1) during storm periods, the evaporation is 
computed using the daily evaporation rates shown on Table 12 
for storm periods for the number of days in which precipita- 
tion occurred; and (2) after storm periods, the evaporation 
is computed using the after-storm rate, up to a total of 
0.060 inch (1.53 mm), if available, or until another storm 
occurred. The sum of the two parts is the total evaporation 
for an individual storm from pervious areas. The 0.060 inch 
(1.53 mm) maximum is based on data published in State Division 
of Water Resources Bulletin No. 33, which notes that the 
average evaporation loss from the topsoil is one-half acre- 
inch per acre (17.7 cm) after each rainstorm, although the 
total evaporation after a storm may amount to 0.070 inch 
(1.77 mm). 

On impervious areas, the evaporation is computed using the 
daily evaporation rate for storm periods for the number of 
days in which precipitation occurred; and (2) after storm 
periods, the evaporation is computed using the after-storm 
rate until the sum of the two parts amounts to a maximum of 
0.050 inch (1.27 mm) or until another storm occurs. The maxi- 
mum of 0.050 inch (1.27 mm) is exceeded only when the storm 
period is sufficiently long so that the evaporation during 
the storm exceeds 0.050 inch (1.27 mm). In such instances 
the evaporation after storms is considered to be zero. 

When the evaporati.on rate exceeds the daily precipitation, 
the amount of the latter is taken as the daily evaporation. 
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TABLE 12 

AVERAGE DAILY EVAPORATION RATES 

Month Month 
During Non- 
Storm Storm 

October 0.023 

November 0.026 

December 0.014 

January 0.027 

February 0.045 

March 0.057 

(Inches) 

0.598 April 

0.031 May 

0.015 June 

0.026 July 

0.068 August 

0.102 September 

0.067 0.154 

0.052 0.175 

0.053 0.207 

0.043 0.180 

0.043 0.163 

0.043 0.134 

(Millimeters) 

October 0.59 1.51 April 1.70 

November 0.66 0.79 May 1.32 

December 0.35 0.38 June 1.35 

January 0.94 0.66 July 1.09 

February 1.14 1.73 August 1.09 

March 1.45 2.59 September 1.09 

3.91 

4.45 

5.25 

4.55 

4,15 

3.40 

Evapotranspiration 

The potential amounts of moisture that can become evapotranspira- 
tion are affected by both climatic and plant factors. Monthly 
evapotranspiration rates for various crops have been determined 
for the Central Valley area and published in DWR Bulletin No. 
113-2, "Vegetative Water Use", August 1967. The values in the 
bulletin were modified for use in the Santa Clara area by apply- 
ing the ratios of the mean temperatures and the percentage of 
daylight hours for the two areas. The resulting evapotranspira- 
tion values for the Santa Clara area are presented in Table 13. 
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TABLE 13 

AGRICULTURAL WATER USE FACTORS 

Monthly Evapotranspiration 

Improved Sugar Deciduous Nonlrrlgated 
Pasture* Alfalfa Beets Orchard Rice Barley 

Month (in.)l(cm) (in.)l(cm) (in.)l(cm) (in.):(cm) (in.)l(cm) 1 (in.)t(cm) 

October 3.5 8.89 3.5 8.89 3.5 8.89 2.7 6.86 3.2 8.13 2.0 5.08 
November 1.7 4.32 1.7 4.32 1.7 4.32 1.1 2.79 1.5 3.81 1.7 4.32 
December 0.9 2.28 0.9 2.28 0.9 2.28 0.9 2.28 0.9 2.28 0.9 2.28 

January 1.1 2.79 1.1 2.79 1.0 2.54 1.1 2.79 0.9 2.28 1.1 2.79 
February 1.9 4.83 1.9 4.83 1.3 3.30 1.4 3.56 1.6 4.06 1.9 4.83 
March 3.1 7.87 2.9 7.37 -- -- 2.1 5.33 1.4 3.56 3.1 7.87 

April 4.6 11.68 4.1 20.41 -- 3.2 8.13 4.3 10.92 3.4 8.64 
May 5.7 14.48 5.1 22.95 1.7 4:;2 4.6 11.68 7.1 18.03 1.2 3.05 
June 7.3 18.54 6.5 16.51 5.6 14.22 6.2 15.75 8.9 22.61 0.4 1.02 

July 7.4 18.80 6.8 17.27 7.7 19.56 6.8 17.27 9.0 22.86 0.0 0.00 
August 6.5 16.51 6.2 15.75 .6.6 16.76 5.8 14.73 7.7 19.56 0.0 0.00 
September 4.9 12.45 4.8 12.19 5.3 13.46 4.3 10.92 6.1 15.49 0.3 0.76 

&Improved pasture considered equivalent to potential evapotransplration. 

AVAILABLE WATER-HOLDING CAPACITY OF SOILd 

Cubic 
Cubic inches centimeters 
per foot of per meter 

Soil Type depth of depth 
/ 

Sand 1.0 578.9 Silty Clay 1.7 
Clay 1.0-l .!I 578.9-868.4 
Clay Loam 

Silty Clay Loam 

i:': 
810.5 Silt Loam ;*i 

Loam 984.1 Silt 2:9 

984.1 
1157.8 
1331.5 
1678.8 

1/ H. Schulbach, in "Soil and Water", University of California, Agricultural Extension, 
Winter 1971. 

EFFECTIVE ROOTING DEPTH 

IIPig.ted ,,,,,,,,,,,, 

Pasture 24 61 Misc. Truck 
Alfalfa 

36 
72 183 Tomatoes 60 

Sugar Beets 
1:: 

60 152 General Field 48 Orchard, Mixed 72 183 122 
Walnuts 60 152 96 Vineyard 

244 
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Soil Moisture and Effective Root Depth 

Soil texture influences the rate of evapotranspiration through 
its effect on the available water-holding capacity (AWC) of the 
soil. AWC is defined as the capacity of a soil to retain water 
that can be readily absorbed by plant roots. It is considered 
to be water held in the soil against a pressure of 15 bars and 
is expressed as a percentage of the oven-dry weight of a soil. 
AWC also can be thought of as the difference between the field 
capacity and permanent wilting point of a soil. 

The effective root depth of crops is variable and is affected 
by soil depth, moisture penetration, and plant rooting character- 
istics. Table 13 presents data developed by this Department 
and by the University of California Agricultural Extension on 
AWC and rooting depth used in the Santa Clara area. 
than coarse coarse-textured soils. 

Direct Recharge from Rain and Applied Water 

The depth of rain and applied water which becomes recharge was 
computed for various groups of crop areas. The crops were grouped 
as follows: 

Pears 
Other deciduous fruit and nut 

2 

2 

: 
9 

10 
11 

Tomato, sugar beets,~asparagus, melons 
Beans, carrots , peppers, mixed.row, and 

other truck crops 
Onions, Cole, corn, lettuce, potato 
Flowers, berries 
Pasture, alfalfa, lawn 
Vineyards 
Nonirrigated deciduous fruit and nut 
Urban 
Native 

The resulting depths of recharge by the relative wetness of the 
above groups are shown on Figure 13. The values for the irrigated 
agricultural groups are combined to obtain the depths of recharge 
for each node for each year of the study period. The basis for 
combining values is the crop distribution existing within each 
node during 1957, which is assumed to exist during the entire 
study period. For urban areas, the average depth of applied 
water was assumed to be 3 feet (1 m). The depth of recharge for 
urban areas and for dry farm or native areas is shown on Figure 13. 

Annual amounts of recharge from the combination of rain and applied 
water was computed for each node as the product of the depth of 
recharge (in feet) and the area of land use (in acres). The total 
amount of direct recharge from rain and applied water for the 
ground water basin is listed in the basin inventory in Table 14. 
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TABLE 14 

GROUND WATER BASIN INVENTORY 

Recharge Pumpage Net. 
Stream Agri- Indust- 

Year Direct and Pond Total culture rial Total 

62-63 

63-64 

64-65 

65-66 

66-67 

67-68 

68-69 

69-70 

(thousand acre-feet) 

91.1 118.3 8.2 20.6 238.2 74.7 

54.9 62.9 5.9 20.0 143.6 94.1 

68.1 116.3 6.2 20.0 210.6 54.0 

49.2 80.5 5.4 20.0 155.1 41.1 

73.7 131.4 6.8 20.0 231.9 28.8 

44.9 125.0 6.2 10.9 187.0 32.8 

95.2 124.8 6.9 0.0 226.9 27.7 

47.6 146.5 .6.9 0.0 201.0 27.7 

67.3 0.8 19.5 162.1 76.1 

82.8 0.8 19.5 197.2 -53.6 

76.0 0.5 18.4 148.9 61.7 

87.8 0.9 23.0 152.8 2.3 

79.9 1.1 22.1 131.9 100.0 

113.8 1.1 23.5 171.2 15.8 

100.9 0.9 22.7 152.2 74.7 

97.7 0.9 22.7 148.3 52.7 

62-63 

63-64 

64-65 

65-66 

66-67 

67-68 

68-69 

69-70 

112.4 

67.7 

84.0 

60.7 

90.9 

55,4 

117.4 

58.7 

145.9 

77.6 

143.5 

99.3 

162.1 

154.2 

(cubic hectometers) 

10.1 25.4 293.8 92.1 

7.3 24.7 177.3 116.1 

7.6 24.7 259.8 66.6 

6.6 24.7 191.3 50.7 

8.4 24.7 286.1 35.5 

7.6 13.4 230.6 40.5 

153.9 8.5 0.0 279.8 34.2 

180.7 8.5 0.0 247.9 34.2 

83.0 0.9 24.1 200.1 

102.1 0.9 24.1 243.2 

93.7 0.6 22.7 183.6 

108.3 1.1 28.4 188.5 

98.6 1.4 27.3 162.8 

140.4 1.4 29.0 211.3 

124.5 1.1 28.0 187.8 

120.5 1.1 26.0 183.8 

93.7 

-65.9 

76.2 

2.8 1’ 

123.3 

19.3 

92.0 

64.1 

Stream and Pond Recharge 

In the study area, reservoirs in the tributary hill areas store 
runoff for later release to permeable valley areas for recharge. 
In addition, a portion of the imported water is delivered to ponds 
for recharge. The flow in streams on the valley floor is computed 
by estimating streamflow tributary to the ground water area (see 
Table 5) and adding local runoff from drainage areas within the 
ground water area. 

The method used to estimate recharge of streamflow and imported 
water percolating in stream channels and percolation pond areas 
is described in following paragraphs'. In addition to recharge 
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in streams and ponds, some of the local runoff infiltrates on its 
overland path from the area where direct recharge occurs to the 
main channels. Based on detailed analysis in Alameda County by 
the Department of Water Resources (1973), 30 percent of the rain 
and applied water remaining (after deductions for direct recharge 
and evapotranspiration) was estimated to be recharge during over- 
land flow. The annual amounts are listed as part of the basin 
inventory in Table 14. 

Recharge was estimated for each node using information on the 
type and size of drainage channels shown on Figure 14, analysis 
of flow duration and percolation rate data in District files, 
and where possible, was checked for aggregations of nodes by use 
of stream gages up and downstream from such aggregations. Stream 
recharge was apportioned to a node in terms of the area of the 
stream reach contained within the node, the estimated percolation 
rate for the reach, and the flow duration. 

Nodal Percolation (Ac-Ft) = Stream Area within Node 
(AC) x Pert. Rate (Ac-Ft/ 
AC/Day) x Flow Duration 
(Days) 

Subject to the condition that the streamflow rate is greater than 
or equal to the percolation rate, if the streamflow rate is less 
than the percolation rate, then the percolation rate was assumed 
to be equal to streamflow rate. 

For streams on the west side of the valley, percolation rates 
were estimated on the basis of gaged data at upstream and down- 
stream locations and estimates of local inflow between the two 
gaging stations. For streams that do not have gaging stations, 
nodal percolation rates were based on corresponding values at 
neighboring nodes, and flow durations were based on gaging stations 
having drainage area characteristics similar to the area under 
consideration. 

For streams on the east side of the valley, the percolation was 
obtained as a difference between estimated runoff from the hills 
and estimated flows reaching the major creeks. Most of smaller 
streams on the east side do not have well defined channels; the 
runoff from these streams is mostly spread over the valley floor 
and is infiltrated, except during periods of heavy rainfall when 
some runoff would reach the major creeks, 

Total recharge in the streams and ponds is the sum of natural 
recharge and recharge of imported water, These amounts are listed 
in the basin inventory in Table 14. 
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Water from Compaction 

The addition of water to aquifers from the compaction of clay '\ 
members results from the lowering of water levels (and pressures) 
in these aquifers. The clay members achieve equilibrium through 
a reduction in pore pressure which causes a reduction of the 
volume of the clays. The resultant reduced volume is equal to 
the amount of water released and is reflected in the amount of 
overlying land subsidence. The amount of land subsidence for 
the period 1960-67, as developed by the USGS, is shown on Figure 15. 
A review of well hydrographs and subsidence data was made, and 
it is concluded that the subsidence rate could be considered 
a constant for the 1960-67 period, that subsidence stopped in 
1969, and that the rate for 1968 could be considered one half 
of that for previous years. Annual amounts of water from compac- 
tion are listed in the basin inventory, Table 14. 

Ground Water Basin Inventory 

The combination of annual amounts of recharge to and withdrawals 
from the ground water system is an inventory of the ground water 
basin and is shown in Table l4. For this study, inflow from and 
outflow to adjacent areas was assumed to be zero. 

Change in Storage 

The annual change in the amounts of water in storage in the i 
ground water basin are computed as the product of specific yield 
and water level changes. The calculations are made for each 
node and are aggregated to the basin total shown in Table 14. 
Change in storage calculations are based on water level data 
for the March through May period to represent the recovered 
water levels and to eliminate pumping effects as much as 
possible. 

Use of the Ground Water Model 

The objective of developing a ground water model is to have a 
means of testing the effect of changes in recharge and pumping 
patterns on the ground water system. The model is also useful in 
verifying the accuracy of the ground water inventory. The fair 
agreement between the basin inventory and change in storage is 
shown in Table 15 and on Figure 16 by the comparison of accumulated 
change in storage and net recharge. It should be noted that each 
is plotted with respect to its computation period, and what appeared 
to be a poor match in Table 15 becomes a fair match when time differ- 
ences are taken into account, To be assured that the hydrology used 
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TABLE 15 

ACCUMULATED NET RECHARGE AND CHANGE IN STORAGE 

Year 

Annual 
Net 

a/ Recharge- 

Annual 
Change i 

I: / Storage- 

Accumulated 
Net 

a/ Recharge- 

Accumulated 
Change in 

al Storage- 

(thousand acre-feet) 

61-62 

62-63 

63-64 

64-65 

65-66 

66-67 

67-68 

68-69 

69-70 

61-62 

62-63 

63-64 

64-65 

65-66 

66-67 

67-68 

68-69 

69-70 

76.1 

-53.6 

61.7 

2.3 

100.0 

15.8 

74.7 

52.7 

93.9 

-66.1 

76.1 

2.8 

123.4 

19.4 

92.1 

65.0 

-105.5 

194.5 

40.1 

-128.1 

107.6 

-21.9 

105.3 

31.6 

84.1 

76.1 

22.5 

84.2 

86.5 

186.5 

202.3 

277.0 

329.7 

(cubic, hectometers) 

-230.1 

239.9 93.9 

49.5 27.8 

-158.0 703.9 

132.7 106.7 

-27.0 230.0 

129.9 249.5 

39.0 342.7 

103.7 406.7 

-105.5 

89.0 

129.0 

0.9 

108.5 

86.6 

191.8 

223.4 

307.5 

-130.1 

139.8 

159.1 

1.1 

133.8 

106.8 

236.6 

275.6 

379.3 

a/ Computed on water year, October 1. 
b/ Computed on April 1. 
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ACCUMULATED CHANGE IN STORAGE 
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CALENDAR YEAR 

ACCUMULATED NET RECHARGE ACCUMULATED NET RECHARGE 
AND CHANGE IN STORAGE AND CHANGE IN STORAGE 
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is accurate, it is also necessary to obtain a fair match between 
historic water levels and model output water levels for most of 
the nodal areas of the model (Figure 7). 

The development of input for each node of the model is identical 
to computation of net recharge previously described. In addition, 
during the verification process, some of the transmissivity values 
between nodes were reduced from the maximum values obtained for 
the full depth of alluvium to a value that takes into account the 
effects of faults on ground water movement. The initial trans- 
missivity values used for each node are shown on Figure 17. 
These values were then modified to obtain the estimated trans- 
missivities along each branch of the nodal system. Branch trans- 
missivities were adjusted for each computer run until the computer 
output approximated the historic water levels. Table 16 shows 
the final branch transmissivities; Figure 18 shows the branch 
numbers used in the model. 

The comparison of computed water levels and historic water levels 
for several nodes is shown on Figure 19. Agreement between these 
two levels was not possible for many nodes because of a lack of 
water level data for the study period. Historic water levels 
probably were affected throughout the study period by potentio- 
metric pressures exerted by the deeper semi-confined and fully- 
confined aquifers. In addition, changes in pumping patterns 
during the early part of the study period probably caused signi- 
ficant pressure changes in the deeper aquifers. 
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Table 16 

FINAL BRANCH TRANSMISSIVITY USED IN GROUND WATER MODEL 

Transmlsslvity Trahsniissivity 
Branch : Acre-Feet : Square Branch : Acre-Feet : Square 

Transmissivity 

No. : Per Year : Meters 
Branch : Acre-Feet : Square 

No. : Per Year : Meters No. : Per Year : Meters 
: Per Foot : Per Day : Per Foot : Per Day : Per Foot : Per Day 

16 

;: 
19 

23 

26 

:; 
60 

61 

2 
64 
65 

\ 68 
69 
70 

3.00 33.26 
3.00 33.26 
3.00 33.26 
6.00 66.52 
3.00 33.26 

350.00 3880.45 141 15.00 166.30 211 20.00 
515.00 5709.80 142 20.00 221.74 212 
600.00 

10.00 
6652.20 143 20.00 221.74 213 400.00 

485.00 5377.19 144 lOO.00 1108.70 214 300.00 
77.00 853.69 145 150.00 1663.05 215 350.00 

221.74 
110.87 

4434.80 
3326.10 
3880.45 

20.00 221.74 
5.M) 55.44 

30.00 332.61 
10.00 110.87 
14.00 155.21 

76 

:8' 
79 
80 

77.00 853.69 146 345.00 3825.01 216 350.00 3880.45 
50.00 554.35 147 200.00 2217.40 217 10.00 110.87 
43.00 476.74 148 350.00 3880.45 218 4.00 44.34 
37.00 410.22 149 460.00 5100.02 219 20.00 221.74 
37.00 410.21 150 200.00 2217.40 220 95.00 1053.26 

221.74 
110.87 
110.87 
110.87 
110.87 

:: 
83 
84 
85 

13.00 144.13 151 15.00 166.30 221 260.00 2882.62 
50.00 554.35 152 15.00 166.30 222 255.00 2827.18 
34.00 376.95 153 15.00 166.30 223 350.do 3880.45 

280.00 3104.36 154 20.00 221.74 224 500.00 5543.50 
220.00 2439.14 155 15.00 166.30 225 200.00 2227.40 

2.00 22.17 
6.00 66.52 

30.00 332.61 
55.00 609.78 
40.00 443.48 

450.00 4989.15 156 150.00 1663.05 226 350.00 3880.45 
200.00 2217.40 157 15.00 166.30 227 235.00 2605.44 
450.00 4989.15 158 250.00 2771.75 228 4.00 44.34 
200.00 2217.40 159 20.00 221.74 229 180.00 1995.66 
480.00 5321.76 160 550.00 6097.85 230 55.00 609.78 

15.00 166.30 
55.00 609.78 
18.00 199.56 

2.00 22.17 
10.00 110.87 

500.00 5543.50 161 300.00 3326.10 231 155.00 1718.48 
595.00 6596.76 162 400.00 4434.80 232 60.00 665.22 
550.00 6097.85 163 360.00 3991.32 233 
400.00 

260.00 2882.62 
4434.80 164 500.00 5543.50 234 498.91 

575.00 
45.00 

6375.02 165 20.00 221.74 235 180.00 1995.86 

1.00 11.08 
25.00 277.17 
13.00 144.13 
23.00 255.00 

125.,00 1385.87 

96 

E3 

1:: 

210.00 2328.27 166 20.00 221.74 
150.00 

236 160.00 1773.93 
1663.05 167 15.00 166.30 237 300.00 3326.10 

280.00 3104.36 168 15.00 166.30 238 125.00 1385.87 
340.00 3769.58 169 15.00 166.30 239 170.00 1884.79 
350.00 3880.45 170 5.00 55.43 240 250.00 2771.75 

31.00 343.69 101 335.00 3714.14 171 1.00 11.08 
155.00 

241 
1718.48 102 640.00 

145.00 1607.61 
7095.68 172 15.00 166.30 242 

26.00 
210.00 2328.27 

228.26 103 670.00 7428.29 173 20.00 221.74 
215.00 

243 
104 700.00 

185.00 2051.09 
2383.70 7760.90 174 470.00 5210.89 244 

36.00 
120.00 1330.44 

399.13 105 660.00 7317.42 175 15.00 166.30 245 150.00 1663.05 

100.00 1106.70 106 660.00 7317.42 176 15.00 166.30 246 
120.00 107 800.00 

85.00 942.39 
1330.44 8869.60 177 1.00 11.08 247 

87.00 108 400.00 
90.00 997.83 

.964.56 4434.80 178 5.00 55.43 248 
60.00 665.22 109 110.00 

120.00 1330.44 
1219.57 179 25.00 277.17 249 

75.00 831.52 110 135.00 
205.00 2272.83 

1496.74 180 80.00 886.96 250 125.00 1385.87 

70.00 776.09 111 4.00 44.34 181 56.00 620.87 251 
72.00 798.26 112 

65.00 720.65 
125.00 1385.87 182 72.00 798.26 252 

57.00 631.95 113 50.00 
88.00 975.65 

554.35 183 124.00 1374.78 253 
45.00 114 

65.00 720.65 
498.91 300.00 3326.10 184 48.00 532.17 254 

115 
500.00 

80.00 886.96 200.00 
5543.50 

2217.40 ,185 77.00 853.69 255 125.00 1385.87 

65.00 720.65 116 435.00 4822.84 186 50.00 554.35 256 
75.00 117 

145.00 1607.61 
831.52 825.00 9146.77 187 55.00 609.78 257 

50.00 118 
550.00 6097.85 

554.35 600.00 6652.20 188 25.00 277.17 258 685.00 
20.00 

7594.59 
221.74 119 575.00 6375.02 189 75.00 831.52 259 

100.00 
259.00 2871.53 

1108.70 120 8OO.W 8869.60 190 35.00 388.04 260 265.00 2938.05 

350.00 3880.45 121 700.00 7760.90 191 90.00 997.83 261 
100.00 122 

215.00 2383.70 
1108.70 600.00 6652.20 192 70.00 776.09 262 

375.00 123 
170.00 1884.79 

4157.62 500.00 5543.50 193 75.00 831.52 263 
300.00 124 245.00 

495.00 5488.06 
3326.10 2716.31 194 65.00 720.65 264 

410.00 
75.00 831.52 

4545.67 125 45.00 498.91 195 45.00 498.91 265 .08 0.88 

285.00 3159.79 126 55.00 609.78 196 110.00 1219.57 266 
145.00 1607.61 127 40.00 443.48 197 200.00 2217.40 267 
200.00 2217.40 128 30.00 332.61 198 57.00 631.95 268 
400.00 4434.80 129 5.00 55.43 199 30.00 332.61 269 
450.00 4989.15 130 4.00 44.34 200 62.00 687.39 270 

200.00 2217.40 131 20.00 221.74 201 40.00 443.48 
105.00 

271 
1164.13 132 50.00 554.35 202 300.00 3326.10 272 

415.00 4601.10 133 125.00 1385.87 203 25.00 277.17 273 
200.00 2217.40 134 200.00 2217.40 204 90.00 997.83 274 
290.00 3215.23 135 700.00 7760.90 205 495.00 5488.06 275 

600.00 6652.20 136 770.00 8536.99 206 80.00 886.96 
300.00 3326.10 137 440.00 4878.28 207 590.00 6541.33 
720.00 7982.64 138 670.00 7428.29 208 80.00 886.96 
350.00 3880.45 139 580.00 6430.46 209 57.00 631.95 
810.00 8980.47 140 200.00 2217.40 210 225.00 2494.57 

276 
277 
278 
279 
280 
281 

.04 

.05 

.05 

.03 

.0p 

.04 

.04 

.04 

.Ol 

.02 

.04 

.03 

.04 

.03 

.02 

.02 

0.44 
0.55 
0.55 
0.33 
0.44 

0.44 
0.44 
0.44 
0.11 
0.22 

0.44 
0.33 
0.44 
0.33 
0.22 
0.22 

Tratxmissivity 
Branch :,Acre-Feet : Square 

No. : Per Year : Meters 
: Per Foot : Per Day 
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FIGURE 19 
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CHAPTER V. GROUND WATER BASIN SURVEILLANCE SYSTEM 

During the 1950's, surveillance of ground water in Santa Clara 
County consisted of measuring the static and pumping depths to 
the water surface and analysis of the water being pumped. Because 
the intent of the program was only to monitor the water coming 
from the well, little attention was given to the individual 
aquifer, or group of aquifers , producing the water. Since that 
time, however, increasing interest and concern has been placed 
on all of the ground water resources of California. As a result, 
there was and is a need to know considerably more about the ground 
water resource -- how water infiltrates to the ground water body, 
how and by what paths it moves from point to point through the 
ground water body, how it can become polluted or degraded, and 
the effects of its removal from the ground water body. This last 
item was of particular importance in Santa Clara County because 
overpumping of the ground water basin had caused land subsidence, 
and there was an urgent need to develop plans to prevent further 
subsidence. 

Data required to adequately monitor the Santa Clara Valley ground 
water basin include the following eight items: 

1. Pumpage. Metered ground water pumpage by water year (October 
through September) is necessary to enable the accurate determina- 
tion of an annual water balance; metered pumpage by season 
will be necessary in formulating operational plans because 
the ground water resource is intensely used and responds rapidly 
to changes in pumping rates. 

2, Unconfined Water Levels. Periodic ground water elevation 
data for selected locations in the unconfined ground water 
zone will be necessary to accurately determine change in 
storage. Most elevation determinations can be seasonal, but 
a few continuous recorders are necessary in order to determine 
if the seasonal measurements were taken during periods of 
maximum recovery and lowering of water levels. 

3. Confined Water Levels. Elevation data of the confined poten- 
tiometric surface should be developed on a seasonal basis. 
These data are needed to help define the degree of ground 
water movement between the various confined aquifer systems 
by providing data on pressure differences between aquifers. 

4. Surface Inflow. A sufficient number of gaging stations along 
the perimeter of the ground water basin are required to form 
reliab.le estimates of flow, by correlation, of all ungaged 
streams. A reliable streamflow station at Coyote Narrows 
will provide much-needed data on surface inflow to the basin. 
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5. 

6. 

7. 

a. 

9. 

Local Runoff. A series of areas representing differing 
natural and developed areas should be instrumented with 
precipitation and flow instruments to determine contribution i 
of valley areas to streamflow. Such areas could also be 
used to develop and test methods of increasing recharge on 
urban lands by use of landscaping techniques. These techniques 
would include use of native plants to reduce water use and 
grading to retain storm waters on pervious areas, 

Artificial Recharge. Accurate inflow and outflow measure- 
ments for all percolation facilities, including both ponds 
and streams, are necessary to provide reliable data on the 
quantity of water recharged artificially to the basin. 

Surface Outflow. A sufficient number of gages on streams 
draining into the Bay are required to provide reliable estimates 
of quantities of surface water leaving the Ibasin. Along with 
data from 4, 5, and 6, reasonable estimates of total recharge 
can be made, 

Transmissivity. A program of field testing of selected water 
wells would provide accurate data on aquifer transmissivities. 

Water Quality. Monitoring of both surface and ground water 
quality is necessary to determine the health of the basin 
and to detect possible threats before they proceed beyond 
control. Quality data for each surface water measuring 
station, taken for a wide range of flows, will provide informa- 
tion on fluctuations of mineral constitutents entering and 
leaving the basin. Similar data from each monitoring well 
will provide data on the mineral characteristics of the various 
parts of the aquifer system. The frequency of sampling and 
the analyses for specific mineral constituents will vary widely 
depending on location and development pattern. 

During the conduct of the study, it was apparent that of all the 
above data requirements, the two needing immediate attention are 
the unconfined water levels (No. 2) and water quality (No. 9). 

The balance of this chapter discusses design of a basic ground 
water measurement network and implementation of such a network 
for the unconfined zone. Design for water quality purposes is 
more complicated- than design of a quantity measurement network 
since it must incorporate the influences of soils, vegetation, 
geology, geomorphology, hydrology, and land use. The design of 
a water quality surveillance network is not discussed in this 
report but is the objective of a separate cooperative study. 

Water Level Measurements 

A data gathering system which will provide information on the 
elevation of the upper surface of the free (unconfined) ground 
water body must be based on the following: (1) adequate knowledge 
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of the subsurface geology, (2) adequate knowledge of the subsurface 
hydrology, and (3) adequate knowledge of construction details of 
each monitoring well. The first two requirements have been met by 
the study reported on in this bulletin. An appraisal of the exist- 
ing ground water level network was made in order to evaluate the 
third requirement. All of the wells used for measuring ground water 
levels during the period 1962 through 1972 were reviewed. So that 
a meaningful relationship between water levels and aquifers can be 
developed, it is necessary that both a driller's log and construction 
details be available for each well that is measured. Of the 482 wells 
from which water level data were available for the study period, only 
183 had construction details available. Of the remaining, water level 
data were available from 95 wells for which total depth was unknown. 

A further requirement in the.determination of the configuration of 
the unconfined ground water surface is that the monitoring wells 
should tap only those aquifers which do not have any significant 
degree of confinement. In North Santa Clara Valley, wells that 
are generally deeper than about 300 feet will be drawing water from 
aquifers that are under some degree of confinement. A review of 
the monitoring well data indicated that there were very few wells 
being measured that have logs and are less than 300 feet deep. 
This lack of qualified measuring wells and meaningful water level 
data was the prime reason that the mathematical model could not be 
fully verified. Table 17 lists wells that were measured during 
the study period and those measured through 1974. Shown in the 
table is information on the availability of construction data. 
Because of the general lack of adequate construction data for the 
wells measured, it is not possible to incorporate the majority of 
them into a meaningful water-level mgasurement network. Hence, a 
new water level measurement network should be implemented. 

Well Qualification 

The first step in selecting wells for a new measurement network is 
determining what aquifer, or group of aquifers, the measurements 
of the well would represent, This step is called well qualification. 
A qualified well is defined as being one that meets all of the 
following criteria: 

1. Well is accurately located. This is essential, because 
where several wells are grouped in a cluster, measurements 
may not always be for the same well. 

2. Well log is available and on file with agency performing 
monitoring operations. Electric log of well, although not 
entirely necessary, is desirable. 

3. Well construction data are available to agency performing 
monitoring operations. 
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TARLE 17 

62-71. 
62-7 1 
7 1 - 
?l- 
7 1 - 
7 1 - 
?I- 
71. 
709 
7f?-72 
53” 
70 - 
syw 
53-71 
69” 
39-7s 

$;I 

7 0 - 
7” I 
59- 
54-72 
7ij.m 
69-71 
36- 
“7 9 I 
51.. 
:3fl- 
52, 
69- 
jr!!- 
5 ?- 
36 - 
7 o- 
sz- 
5Y- 
3h-71 
69 - 
7 i) ” 
.jfj- 
bY- 
5 1. - 
‘7 0 - 
5 ‘7 - 
7 r:: I 
63- 
-yrt-. 
elf+- 
69- 

PERFORATED INTERVAL 
IN FEET REMARKS 

DESTHOYED 
140 CONSTRUCT ION DATA 
CO~FIDENTIAI, LOG 

185-198 
779f#2 
177-184 
19(!,2~0 
60 

NO CONSTRkTION DATA 
NO CONSTRUCTION DATA 
NO CONSTRUCTION DATA 
NO CONSTRUCTION [.lATA 
NO CONSTRUCTION DATA 
DESTROYErI 
CONFIDENTIAL LOG 
DEsT~WYEO 
CONFIUENTIAL LOG 
f’do CONSTHtiCTION DATA 
NO CO~s~~~v’CTION DATA 
NO cONS’THUCTION [‘,4Tn 
NO COftiSTRUcTIm OATA 
DESTRQYED 
rdtj CONs”TR&T ION I>ATA 
DEST~OY~O 
NO CONSTRUCT ION nATA 
NO CONSTRUCTION OATA 

1.8b-552 
NO CONSTRUCTION DATA 
NO CONSTRUCTION DATA 
NO CONSTWUCTIord DATA 
NO CONSTHUCTIOQ flATA 
NO CONSTHUCTIOM DATA 
NO CONSTRUCTION DATA 
NO CONST%JCTXON DATA 

215-434 
%t3A-535 
141-469 

427-615 

NO CONS’TRUCT I Oh! I,ATA 
!JO CONSTRUCTION I1ATA 
NO COidSTHlJCTIOM 04TA 
TO0 UEEP FOR NFTtiORK 
NO CONSTRUCTION DATA 
NO CONSTRUCTION DATA - 

NO CoNSTHUCT ION DATA 
NO COi\rSTYUCT ION DATA 
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TARCE 17 (CONTINUEU) 

NQHTH SANTA CLARA ‘NELL QUALI~ICATIQN LISTING 

WELL 
LQCATTQN 

NUMBER 

6s lW37P01 
6s IW27Pn2 
6S 1 WaRF(I 1 
6s lW2oR02 
4s 1 w2yc302 
4s lW31EOl 
6s lW.‘jZclO 
4s lW32Fl.f~ 
6s lW32tI01 
6s lW32Ln4 
6s lW32M02 
65 lk33Ntil 
6s IW34AOJ 
bS 1W35KOI 
as 1W35Lfll 
bS IW36Aol 
6s 2W03N01 
bS 2WoRt4o 1 
6s 2W@9QO1 
6s 2WlOGO2 
bS 2W13F01 
6s 2Wl3HUl 
4s 2W15L18 
4s 2W17POl 
bS~ZW17ROl 
bS 2WlRJOl 
6s 2W19H02 
6s 2W1.9GOl 
4s 2W19HO3 
6s 2WPOFS4 
6s 2W2OLOl 
6s 2W20NuoJ 
4s 2wp1008 
4s 2W22GOl 
6s 2W22H04 
6S 2W22Mol 
65 2W22M02 
bS 2W?3OoL 
6s 2W25C02 
4s 2W27WQ 1 
6s 2W28D0 1 
6s 2W28Fp1 
6s 2W2AN@1 
6s 2W2RN02 
65 2W29F02 
6s 2W29JU2 
6s 2W29KO5 
6s 2W29M05 
6s 2Wr32001 

C>EPTH PERFORATED INTERVAL 
IN IN F’EET 

FEET 

376 234-363 
0 0 7 
375 312-362 
7 0 0 
500 
450 

572 
54 

4h5 
240 
377 

47% 
47 0 
577 
817 

4 1 0 

180-632 

182-680 

2'7(!+72 
30-53 
110-292 

224-448 

237-405 

25'(-577 
230-570 

tiEMARKS 

NO CONSTHUCTION DATA 

No CQNSTHUCT~IQN nATA 
NO CONSTRUCTION DATA 
NO CONSTRUCTION PATA 
NO cONSTHUCTION DATA 
NO cUNST~UCTIQN DATA 
NO cONSTKUCTION DATA 
NO CONSTRUCTION OATA 
DESTROYED 
NO CQNSTHUCTIQN OATP 
CQNFIfjENTIAb .LOG 
CQNFIUENTI AL COG 
CONFIDENTIAL L9G 
NO CONSTRUCTION DATA 
NO CONSTRUCTIQM DATA 
NO CONSTWUCTIQM DATA 
TOQ OEEP FOR NE:TWOHK 
NO CONSTRUCTION DATA 
NQ CONSTRUCTION DATA 
Too UEEP FOR NE’TkfC)Ra 
NO CONSTPUCTION DATA 
NO CUNS,THuCTION nATA 

NO CQNSTHUCTIQN DATA 
CONFIUENTIAL LOG 
NO CONSTHUCTIQN nATA 

NO CONSTRUCTION DATA 
CONFI0ENTIAL LOG 
CONFIDENTIAL LOO 
NO CONSTYUCTIQN DATA 
NO CONSTRUCTION nATA 

NO CONSTRUCT I ON DATA 
NO CONSTUUCTION DATA 
DESTROYEU 
NO CONSTRUCTION DATA 
FJO CQNSTHUCTION DATA 
NO CONSTRUCTION I?ATA 

NO CONSTRUCT ION OATB 
NO CQNSTRUCTIQM OATb 
COMFIDENTIAL LOG 
NO CONSTRUCT ION DATA 
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TAHLE 17 (CONTINUE0) 

NQHTH SANTA CLARA #ELI, QUALIFICATION l.fSTING 

WELL PERIOD 
LQCATION QF 

NUMHER RECQRP 

6s 2W32D02 
6s 2W33A02 
6s 2W33c30 I. 
6s 2W33999 
4s 2W33CGl 
6s 2W33H01 
4s 2d34HQ2 
6s 2W34H03 
6s 2W34G02 
6s 2WR4KO2 
6s 2W34NOl 
6s 2W34NQ3 
6s 2W36Jfl1 
7s 1EnlGOl. 
7s 1EOlNOl 
7S lEn2JO1 
7s lEQ2JO2 
7s lEo2JO6 
7s lE02h2 
7S lEQ3bO1 
75 1En3AO2 
7s lEO3HOX 
7s lEQ3L01 
7s 1E04F02 
7S 1EObLO 1 
7s IEOAMC)~. 
7s lEOhNfl2 
7S 1EO7f01 
7S lEO7N01 
7s lE07RO5 
7s lE07H99 
7S lE08Q14 
7S lEO9D'?3 
7s l .EO9DOb 
7s lE09D99 
7s aElOpO1 
7s lE13Dol 
7S lE13E03 
7S lE13E06 
7s lE14POl 
7s lE15E02 
7s lE15LQ4 
7s lE15No3 
7s l~l6Cflfi 
7s 1ElbC06 
7s lElbC99 

\ 7S lElhlO1 
7s lE17F01 
7S tE17Hnb 

69-m 
69~ 
69-72 
36-71 
69~ 
699 
40. 
67- 
69~ 
690 
690 
69~ 
71-71. 
36 
71 
69-71 
71. 
71 
69 
69 
b9- 
57 
361 
71 
69 
36 
7 0 
68 
539 
'70 - 
69 

Z' 
36 
69 

;: 
52-71 
68 
50 
36 
71 
69 
69 
69 
36. 
tj9 

5: 

PFRFoRATEO INTERVAL 
IN FEET 

257-489 

290-l 120 

REMAhKS 

NO COitiSTRUCTIQN DATA 

NQ CONSTHUCTIQN DATA 
IXSTHQYEO 

CONFIOENTXAL LOG 
NO CONSTRUCTION DATA 
CONFIDENTIAL LQG 
NO CQNSTRUCTIQN DATA 
CONFIOENTIAL LOG 
NO CQNSTRUCTION DATA 
CQNFIDENTIAL LOG 
NO cQNSTRUCTIQN DATA 
NO cONSTRUCTIQN DATA 
CONFInENTfAL LQO 
NO cQNSTRUCTIQN DATA 
NQ CONSTRUCTION OATA 

NO cQNS~UCTIQ~ DATA 

4363-753 

430’753 
528-707 

295-467 
526-708 

156-425 

300-780 
526-682 
508-697 

378-698 

NO CONSTRUCTION QATA 
NO cQNSTRUCTIQN DATA 

NO CONSTRUCTION DATA 
NO CONSTRUCTION QATP 
700 OEEP FOR NE.TWORK 

NO CONSTRUCTION QATA 
NO CONSTRUCTION DATA 

NO CONSTRUCTION DATA 
CONFIOENTIAL LOG 
NO CONSTRUCTION DATA 
OESTRQYEO 

NO CONSTRUCTION DATA 
NO CONSTRUCTION DATA 
NQ CONSTRUCTION DATA 

NO CONSTRUCTION QATA 
,CONFIDENfIAL LOG 

CONFIDENTIAL LOa 
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TABLE 17 (CONTINUEW) 

NORTH SANTA CLARA WELL QUALIFICATION LISTING 

WELL 
LOCATION 

NUMwzR 

7s lElRAf13 
7S lE1RCo2 
‘7s lEWK03 
75 1E20rJ03 
7S 1E21A02 
7s lE21E02 
7s lE21E03 
7s lEs?1E99 
7s lE21K02 
7s lF32HOb -1 
7s 1~22KO 1. 
7S lE23HO 1 
7S iEp3oni 
7s 1~23~01 
7S 1E23F04 
7S IEPJKoZ 
75 l~24FU2 
7s 1E2SAfl2 
7s lE25E04 
75 1E25MU4 
7s 1E26RC11 
7S 1E37FOl 
7s lE27GOs 
7S 1E29A02 
7S 1E29J03 
7s 1E29QQ1 
7s lE3OHO4 
7S lE31AOl 
7S lE32f30 1 
7s 1E32G01 
7s lE32J03 
7s lExeO2 
7S lE33Mu3 
7s 1E33PQ4 
7s lE’1SEOl 
7s lE>EiGI)I. 
75 lE36GO 1 
7s 1E3hL03 
7s 2EO6NO+ 
75 2E07R1)2 
‘7s 2E07MO 1 
7s 2E1)7WO 1 
7s 2E17f)Ol 
7s 2E17G02 
“IS 2E17K02 
7s 2617402 
7s 2E17RO4 
7s 2El8t302 
7s 2El RHO5 

PEW100 
OF 

RECORD 

69 
69 
71 
69 
59 
40 
69 
69 
70 
69- 
52 
69 
711 
62 
49 
51-63 
69- 
54-72 
61 
7 0 
51 
45 
64 
69, 
69 
48 
52-71. 
36 
7 0 
71 
69 
b9 
57 
53 

2 
62 
52- 
69 
53 

2 
69 
39 
‘70 
39 
‘70 
49 
57 

PERFORATED INTERVAL 
IN FEET REMARKS 

CONFIQENTIAL LOG 
NO CONSTRUCTION DATA 
CONFIWNTIAL LOG 
NO CONSTWCT ION nATA 

389-738 
406-785 

NO CONSTRUCTION DATA 
100-450 
314-737 

CONFXOENTIAL LOG 
NO CQNSTRUCTION DATA 

314-360 
80-200 

CONFIOENTIAL LOG 
DESTROYED 
No CONSTffWCTION DATA 
DESTROYED 

16H-248 
NO CONSTRUCTION DATA 
NO CONSTRUCTION 0ATP 
NO CONSTRUCTION OAT 
CONFIDENTIAL LOG 

210-332 

75-280 

185-400 

135-300 
45.‘11.0 

22s-455 

NO CONSTWUCTION OATA 

DEST#OYED 
I’@ CONS’tRUCTIQN DATA 
NO CONSTRUCTION OATA 

NO CONSTRUCTION OATA 

NO CONSTRUCTION nATA 
NO COYSTRUCTION OATA 
NO COWSTkUcTION DATA 
NO CONSTRUCTION (?ATA 
NO CONSTRUCTION DATA 

NO CONSTRUCTION DATA 
NO CONSTRUCTION DATA 
NO COkST’RUCTION f)ATA 

375-560 
NO CWSTHUCTIQN DATA 
NO CONSTRUCTION DATA 
N3 CWSTRUCTION DATA 
NO CONSTRUCTION DAT! 

203-280 
NO CONSTHIJCTION n4TA 
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TAt3LF 17 (CONTINUED) 

IdOHTH’ SANTA CLARA WELL QUALIFICATION LISTING 

WELL 
LOCATION 

NUMEER 

7s lWlfE01 
7s 1W17P01 
7S 1WlHK”l 
7s J.Wl8ROl 
7s iW2OLO2 
7s lW2OLO3 
7s 1W21AC)l 
7s lW21~99 
7s lW~lP01 
7s lW22EO2 
7S 1W22Eo6 
7s lW22EO9 
7s IW22E14 
7s lW24A01 
7s lW24Eo2 
7s ZW24HO2 
75 lW24JO3 
7s lW24NOl 
7s lW25CO1 
7s lWz?S~O~ 
7s lW2hEOl 
7s lWZ$Ql~ 
7s lW26ROi! 
7s lW27~02 
7s lW27G01 
7s lW30E03 
‘IS 1 w31 HO3 
7s lW31JO2 
7S 1W32A01 
7S 1M33KOl 
75 lW33MO2 
7s IW34Fl)l 
7s lWJ4F02 
7s lW35HOl 
7s Iwn6eol 
75 2W01HOl 
7s 2WOEO2 
IS BWOLHOX 
7s 2WO2EO4 
7s 2WO2GOl 
7S 2WO2KO2 
7s 2W03AO2 
7s 2WO3C02 
75 EWO3D01 
7s 2WOSDO;r 
7s 2W03HOl 
7S 2WO3ROl 
7S 2W04G01 
75 2W09AOl 

PEH I ol.) 
OF 

RECOPD 

69 
69- 
49 
690 
69 
69 
69 
39-67 
65-71 
61 
69 
69 
69 
69 
‘I 1 - 
61 
61-62 
71-71 

z- 
6'1-62 
70 
69-74 
69.71 
69 
59 
36-71 
b9 
68 
69 
b9 
69 
64 
57- 
6 0 
69 
69 
69 
70-71 
69 

g 

69 
69 
69. 
69 

2 
68 

PERFOHATEO INTERVAL 
IN FEET REMAMS 

NO COtqSTHlJCTION OATA 
321-112 
31O-800 

NO CONSTAUCTION OATA 

NO CONSTRUCTION DATA 
UESTHOYED 
DESTHOYFD 

3oi-552 
308-712 
3611-775 
334-786 
132-196 

NO CONSTRUCTION 0ATA 
NO CONSTHUCTION OATA 

33b-522 
UESTHoYEO 
NO CONSTRUCTION DATA 
NO CtlNSTHIICTION UATA 
CONFIUENfIAl~ LOG 
NO CONSTRUCTION OATA 
CONFIUENTIAL LOG 
UEiSTW0YF,I, 
NO CUNSTRUCTION OAT/r 
CONFIDENTIAL. LO6 
DESTHQY r5.u 

304-858 
NO CONSTHUCTXON UATA 
COVFIDENTIAL LOG 
NO cUNSTHUCTION DATA 

NO CONSTHUCTION PATA 
IJO CONS'~RlICT I ON DATA 
NO CUNSTRUCTION I~ATA 

300-820 
No CONSTRUCTION DATA 
OESTHOYED 
CONF- I UENT I Al, LOG 
CONFIUEhJTIAk, LOG 

345-672 

303-514 

NO cUNSTWIJCTION D4TP 
NO CONSTRUCTION DATA 
C0NFID&NTIAI, LOG 
CONFZOE~ITIAL LOG 

iw COhlSTtwCT ION DATA 
COF~FIOENTTAL L-06 



TADLE 17 (CONTINUED) 

7s 2Wl3COl 
7S 2W14Hff2 
7S 2W22Afl1 
7s 2W?3C01 
7s 2Wgi?W(1S 
7s ZW36AO 1 
8s 2F:n6Po2 
8s 2E@7AG:j 
8s 2E07F.0 1 
8s 2EnRK99 
8S 2El hf’9~ 
8S EElhNOl 
8s ZE17LOl 
8S 2E17N0.I 
8s 2El8EOl 
8S ~Elf.3LOl 
8S 2E19AOJ. 
8s 2E20MO2 
8S 2E20f0 1 
85 2E22fln 1 
8s i~32F0 I 
8s 2E26ElO2 
8s 2E27C;o 1 
8s 2E28H02 
8s 2E31QOl 
8S ZEyj4EO 1 
8s 2E3Sc301 
8s ZE3FiMOl 
8s lEnlQO1 
8s 1En’lCvi2 
85 lEO2HOl 
8s 1Eo2ROl. 
8s lE03NOl 
RS 1En4A05 
8S 1Eo4PoJ. 
8s lEn4P98 
8S 1En4Q05 
8s 1EoSDol 
8s I,EotjH06 
8s lEtT5Y07 
8S 1~05KO2 
8S IEoSNO~ 
8S lF071403. 
8 S 1 E 0 7 I) 0 1 
9s ‘lf!?7GO2 
8S lEn7Jol 
8s 1En8Go2 
8s lEoPHrr1 
8s lEnEiPa3 

440 
4 40 
320 
20(! 

3% 7 

2 0 0 

22 n 
235 

CC.hFl DEN I AL 10~ 
IJO CONSTHUCTION @ATA 
NU CONSTRUCTION D4TE\ 
DESTROYED 
NO COWTWCTION D4TA 
NO CONSTRUCTION PAT/I 
N 4 c 0 N S T H U c T I 0 N r? A T .A 
NO CONSTRUCTION t)ATA 
CONFIDENT I AL. Loo 
NO CUNSTWJCTXDN DATA 

NU CONSTWCTIOM D4TA 
110 cONSTWCT I ON DATA, 
NO c:ONSTWCT ION OATA 
NO CONSTQUCTION OATA 
NO CONSTHUCTION OATA 
No CONSTHUCTIO~I [TATA 
I’JCI cONSTHUCT I ON f,,ATA 
;‘iO CONST’HUCTZON DATA 
NO CoI\JS~~l>dC’T ION I)ATA 
NO CONSTRUCTION DATA 
I’d0 CONSTRUCTTON l?ATA 
NO COhSTHUcTION t”,ATA 
NO CONSTRUCTTON DATA 
NO cONSTWCTIDM DATA 
NO CUNSTRUcTIQN DATA 
NO CONSTRUCT I ON r(rATA 
NO CONSTWCTIDN DATA 
IJO CONSTRUCTION DATA 
NO CONSTWCTION DATA 
NO CONSTWCTION DATA 
NO CONSTHUCTION DATA 
NO CONSTRUCTION DATA 
No CO~STHUcTIm DATA 

DESTROYED 
CONFIUE~~TIAL LOG 
NO ~ONSTHUCTIO~ DATA 

NO CONSTRUCTION DATA 
NO CONSTRUCTION DATA 
DESTROYED 
ND CWSTRUCTIDN DATA 
NO CONSTHUCT I Oh! DATA 
h\ru CONSTRUCTION DATA 
NO CONSTRUCTION DATA 
ND CONSTMUCTION DATA 
NO CONSTRUCTION DATA 
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NOHTH SANTA 

WELL 
LOCATION 

NUMBER 

RS lEORR0 1 
8S lEn9Hol 
8s lE09L03 
0s lE(r9b403 
8s ].E1EOO6 
BS lEl.EGOZ 
8s lF\CJd 
8s 1El (?Ko3 
8s 1ElOKO4 
8s 1ElOLfl4 
8S lEllNo1 
8S lEllQU1 
8s lE12C01 
8s 1Eli?'GU2 
8S 1El3t-103 
8S lE13JCi? 
8S 1&14Hr)l 
8S lE141')02 
8s 1E14004 
43s lElSCO% 
8S lElSEu2 
8s lE16N07 
8s lE17AQl 
8s 1E17DOl 
8s ‘1E17Ro2 
8s 
8 s 

lF@c! 1 
I. E 3 7 C (1 iif 

8S l~PfC99 
HS lWO3HOl 
8s lW03KOI 
8S lWo3Ko3 
8S lWn4K01 
es lWOFiAI)l 
8s lW05K04 
8S 1 Wn8.105 
8S 1W]r)F02 
8S 1WllRr)J 
8s lwl2Qv2 
0s ~Wlc;CEI 
8s ZWOlCQ:L 

TARLE 17 (CONTINUED) 

CLARA ‘nlELL oUALIFICATION LISTING 

PERFORATED INTERVAL 
IN FEET &MAf% 

40-180 
SUO CONSTRUCTION DATA 
NO CONSTRUCTION OATA 
110 CONSTRUCTION DATA 
NO CONSTHUCTION DATA 

870186 

No cONSTHUCTI~N IdATA 
rJ0 CONSTRUCTION DATA 
NO CONSTRUCTION DATA 
NO CONSTRUCTION DATA 
140 CONSTRUCTION DATA 
Ni) CONSTRUCTION DATA 
UESTROYFD 
CONFIDENTIAI,,., LOG 
No CONSTHUCTION DATA 
UESTHOYED 
IV0 CUNSTRUCTION DATA 
NO CONSTRUCTION DATA 
NO CONSTRUCTION OATA 
NO CONST#UCTIQN DATA 
NO cONSTRJCTION OATA 
NO CONSTHUCTION DATA 
NO CONSTRUCTION nnTA 
NO CONSTRUCTION DATA 
DESTROYEP 
U E S T ti 0 Y E I., 
NO COwwUCTIQN DATA 
GO cONSTHIJCT ION DATA 
NO CONSTHUCTION nATA 
NO CONSTHUCTION DATA 
110 CONSTRUCTION naTA 
NO CONSTRUCTION DATA 
Cc)Nf IDENT TAL. LOG 
NC) CONSTRUCTION DATA 
iJ6 CONSTHUCT 1: ON DATA 
No CONSTRUCTION DATA 
PJO CONSTHUCTION f?ATA 
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4. Fairly long period of record of measurements. Although not 
as essential as first three criteria, a well with a historic 
water level record is preferable to a new well. 

With the above data available, personnel with an understanding 
of the subsurface conditions (preferably a Certified Engineering 
Geologist) can certify that water level measurements from a partic- 
ular well reflect the potentiometric surface of a specific aquifer, 
or group of aquifers. When this is done, fluctuations of the water 
levels in the particular well become meaningful data. 

Qualified monitoring wells should be identified through the use of 
information on the buried stream channels contained on Figure 5. 
Thus, the ideal monitoring net will contain not only those repre- 
sentative wells that tap principal ground water conduits, but addi- 
tional wells reflecting effects of the principal faults. 

Proposed Network 

Proposed new network of monitoring wells was developed from examina- 
tion of the detailed buried-channel maps which were discussed in 
Chapter III, Examination of.these maps indicated that there were 
discreet areas where certain buried channels overlay each other. 
This afforded the identification of areas where monitoring wells 
could be located so as to reflect water levels for a given zone. 

Evaluation of the geohydrology of the area revealed that the bayward 
portion of the valley (north of Bayshore Freeway and west of Nimitz 
Freeway) contains an upper, or essentially unconfined, ground water 
zone and a lower, or confined, ground water zone. These two zones 
are separated by a relatively impermeable clay layer. Upgradient 
from these two zones is a relatively broad forebay that, for model- 
ling purposes, is considered to be essentially unconfined. Thus, 
there are three types of monitoring wells that are recommended. The 
first are the shallow wells, those ranging to depths of about 400 
feet (120 meters) in the forebay zone and to depths of about 150 
feet (45 meters) in the bayward zone. The second are the deeper 
wells; these range to depths of about 600 feet (180 meters) in both 
zones. To reflect the deeper, or confined zones, these deeper wells 
must be perforated only in the lower interval, Finally, there are 
the composite wells. These normally will be gravel-envelope wells 
(as opposed to selective-perforation wells) and will tap all zones 
down to a depth of about 600 feet (180 meters). 

In all, locations for 34 shallow wells, 8 deep wells, and 5 composite 
wells have been selected as a minimum network. Table 18 presents 
location and completion interval data for proposed monitoring wells; 
Figure 20 shows the area1 distribution of the proposed monitoring 
well network. 

Implementation of Network 

There are several steps that should be taken in establishing 
the new network: 
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Table 18 

PROPOSED GROUND WATER SURVEILLANCE NETWORK 
FOR UPPER AQUIFERS 

5s 1E 

5s 3w 

65 1E 

6s 1w 

6s 2W 

6s 3w 

7s 

7s 

2E 

1E 

31L 

35P 

26D 
27L 
325 

10R 
124 
204 
23M 
24R 
35R 

24L 
29L 
33H 
36L 

133: 

17K 
18E 

2N 
7P 

Well Locatibn : Well : Monitoring Elevation Well Location : Well : Monitonng Elevation 

Twp. : Rge. : Sec. : Typ& : (feet) : (meters) Twp. : Rge. : Sec. : Typel-' : (feet) : (meters) 

S t10 to -80 +3 to -24 

C t30 to -250 f9 to -76 

2 +lO 70 to to -80 -30 
S t120 to +10 
S t80 to -35 

cs 
+210 to +120 
+130 to -180 

D -75 to -225 

E -10 0 to to -295 -285 

: t5 0 to to -275 -285 
C +lO to -270 
C t140 to -140 

t t70 -15 to to -295 -210 

oc 
t30 to -250 
t70 to -130 

D t50 to -150 
D t40 to -160 

D 0 to -200 
D -50 to -250 

S t340 to +260 
S t120 to t40 

C tB5 to -195 
D -10 to -210 

+3 to -24 
+21 to -9 
f36 to +3 
f24 to -11 
+64 to +37 
+39 to -55 
-23 to -69 

-3 to -90 
0 to -87 

+1to -04 
0 to -87 

+3 to -82 
t43 to -43 

-5 to -90 
+21 to -64 

+9 to -76 
f21 to -40 
f15 to -46 
+12 to -49 

0 to -61 
-15 to -76 

+103 to +79 
+36 to $12 

+26 to -59 
-3 to -64 

7s 1E 9c 
10R 
24B 
26C 
27K 
29H 
31K 
349 
35F 

7s 1w 
:FK 

13D 
18C 
218 
23N 
25L 
278 
30K 
34Q 

7s 2w 
1:; 

8s 2E 17H 

BS 1E 
2 

1;: 
13H 
19c 

8s 1w 5L 

-5 to -205 
t90 to -190 

t125 to +45 
t50 to -150 
t45 to -155 
t30 to -170 
t60 to -140 
t55 to -145 
t65 to -135 

t5o to -230 
0 to -200 

+10 to -190 
t80 to -120 
t55 to -145 
t70 to -130 
t70 to -130 
t70 to -130 

t175 to -25 
t120 to -80 

tB0 to -120 
t150 to -50 

+120 to -80 

t70 to -130 
t65 to -135 

+125 to -75 
t75 to -125 
t80 to -120 

t180 to -20 

+210 to +10 

-2 to -62 
f27 to -58 
f38 to +14 
+15 to -48 
f14 to -47 
+12 to -52 
i-18 to -43 
f17 to -44 
tzo to -41 

+15 to -70 
0 to -61 

f3 to -58 
f24 to -37 
+17 to -44 
f21 to -40 
f21 to -40 
t21 to -40 
f53 to -8 
+37 to -24 

f24 to -37 
+46 to -15 

t37 to -24 

t21 to -40 
t20 to -41 
l 38 to -23 
t23 to -38 
t24 to -37 
t55 to -6 

t64 to t3 

1/ S - Shallow well: 
D - Deep well: 

Completed in depth interval from 20 tp 100 feet (6 to 30 m). 
Completed in depth interval from 1OCl to 300 feet 130 to 90 m). 

C - Composite well: Contains two piezometers; one each completed in shallow and deep zones. 

1. 

2. 

3. 

4. 

5. 

Search records and make a field canvas to locate all wells 
and data on wells in the vicinity of a proposed monitoring 
well locations. 

Determine if an existing well can be used or modified for 
use as a monitoring well. 

If Step 2 is negative, or cost is excessive, drill and install 
a monitoring well. In some areas, a single drill hole may 
be designed to contain s,everal piezometers, each monitoring 
a different depth. 

Monitoring wells should be located beyond the local influence 
of large municipal and industrial wells. Conversely, considera- 
tion should be given to restricting the placement of such new 
wells that would adversely affect monitoring wells. 

The continuity of existing water level measurements should 
not be broken until there is some overlap of record. 

Many of the water level measurements now available are measure- 
ments taken by the agency that operates the well. Such measure- 
ments will probably be continued by such agencies for their own 
operating reasons. 
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APPENDIX A 

GEOLOGY 

(Published separately, August 1967) 
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APPENDIX C 

ENGLISH - METRIC EQUIVALENTS 

Length 

Area 

Volume 

Each unit with its abbreviation is followed by its equivalent 
in one or other units of the same quantity. In the text, the 
metric equivalents are shown only to the number of significant 
figures consistent with the values for the English units. 

Inch (in) - 2.54 centimeter (cm) 
Centimeter (cm - 0.3937 inch (in) 
Millimeter (mn 1 - 0.1 centimeter (cm); 0.039 inch (in) 
Foot (ft) - 0.3048 meter (m) 
Meter (m) - 3.2808 feet (ft.); 39.37 inches (in) 
Mile (mi) - 1.6094 kilometer km 
Kilometer (km) I 1 - 0.6214 mile mi 

Acre (a) - 43,560 square feet (ft2); 0.4047 hectare (ha) 
Hectare (ha) - 10,000 square meters (m2); 2.471 acres (a) 
Square mile (mi*) - 640 acres (a); 259 hectares (ha); 2.59 square kilometers (km*) 
Square kilometer (km*) - 100 hectares (ha); 0.384 square mile (mi*) 

Gallon ( al) - 
3 

3.7853 liters (1); 0.00378 cubic meter (m3) 
Liter (1 - 0.2642 gallon (gal); 1.057 quarts (qt) 
Cubic meter (m3) - 264.173 gallons (gal); 1,000 liters (1) 

Discharge Million gallons per day (WGD) - 3780 cubic meters per day (m3/d) 
1,000 cubic meters per day (m3/d) - 0.26 million gallons per day (MGD) 

Ground Water Storage Acre-foot (ac-ft) - 1,233.5 cubic meters (m3) 
Thousand acre-feet (ac-ft) - 
Cubic hectometer (hm3) - 

1,233,500 cubic meters (m3); 1.23 cubic hectometers (hm3) 
Million cubic meters (m3); 810.71 acre-feet (ac-ft) 

Percolation Acre-foot per acre per day (ac-ft/ac/day) 
per day (m3/ha/d) 

- 499.2 cubic meters per hectare 

Cubic meter per hectare per day (m3/ha/d) 
day (ac-ft/ac/day) 

- 0.002 acre-foot per acre per 

Concentration Milligram per liter (mg/l) - 1 part per million (ppm) 
Microgram per liter (pg/l) - 

million (ppm) 
0.001 milligram per liter (mg/l), 0.001 part per 

Permeability 

Transmissivity 

Gallon per day per square foot (gal/day/ft*) - 0.055 darcys (D) 
Darcy (D) - 18.2 gallons per day per square foot (galldaylft*) 

Gallon per day per foot (gpd/ft) - 
meters per day (m*/da{) 

0.134 square feet per day (ft*/day); 0.0124 square 

Square meter per day (m /day) - 
per day per foot (gpd/ft) 

10.76 square feet per day (ft*/day); 80.5 gallons 

Capacity Cubic inch per foot (in3/ft) - 53.76 cubic centimeters per meter (cm3/m) 
Cubic centimeter per meter (cm3/m) - 0.018 cubic inch per foot (in3/ft) 
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